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Introduction

It is generally accepted that successful joint arthroplasty surgical operations require skill in terms of both
technique and judgment. While the traditional apprenticeship model of surgical training adequately
addresses the judgment aspect, it puts patients at unnecessary risk as the learning curve is arduous to
hone technical skills. Even so, few satisfactory alternatives exist to the apprenticeship model of surgical
training. Additionally, it is well established that the outcome of an arthroplasty procedure such as total
knee replacement is critically determined by technical factors, such as the positioning of the prosthetic
components with respect to the skeleton, and the recreation of the natural ligamentous restraints of the
joint that accompany joint motion (Coventry 1979, Stulberg 2002, Berend 2004, Stulberg 2006).
However, there is no validated, objective method for quantifying technical skill. Consequently, there is
limited information available in terms of precise, quantitative measures about the extent to which
technical goals are achieved. Previously, we developed and validated a computer-based prototype
system for evaluating errors in instrument alignment for total knee arthroplasty (TKA) (Conditt 2007).
This system is designed to measure the technical success of a surgical procedure in terms of quantifiable
geometric, spatial, kinematic or kinetic parameters. This allows for surgeons to train outside the
operating room to develop and refine skills specific to a particular surgical procedure while objectively
quantifying their technical skill. Another goal of this project was to test the hypothesis that the use of
computerized training significantly enhances the speed and efficiency of acquisition of surgical skills
within the context of orthopedic procedures.
The purpose of the current project was to implement this previously validated methodology into a turn-
key, computerized Bioskills training facility based on commercial motion analysis hardware and
customized software.
The technical specific objectives of this project entailed:
1.0 To develop an operational computer-based Bioskills System to quantify the extent to which
surgeons achieve technical goals defining the outcome of each step of a surgical procedure.
2.0 To incorporate the Bioskills System into a surgical training facility which allows for simultaneous
training of four surgeons using cadavers or surrogate anatomic models.
3.0 Assess the effectiveness and efficiency of the computer-based facility in training surgeons to
perform at least one operative procedure.



Technical Objective 1.0. Development of Computerized Bioskills System

OVERVIEW

The goal of Technical Objective 1.0 was to deliver an integrated, turn-key, computerized bioskills system
based on commercial motion analysis hardware and software developed for installation into a surgical
training facility. All tasks were successfully completed and implemented for Technical Objective 1.0.

METHODS AND RESULTS

Software

A software development contract was awarded by Motion Analysis Corporation (MAC) to Innovative
Sports Training (IST) to fulfill the requisite subtasks outlined by Technical Objective 1.0. This partnership
was necessary to interface software that generated coordinate data acquired from motion analysis
cameras ("Cortex" distributed by MAC) with software developed to describe the kinematics of bodies
("The Motion Monitor" (TMM) distributed by IST). The TMM platform was utilized for all data collection,
specimen specific coordinate system extraction algorithms, measurement processing, and error
computations. The software was developed and validated as a joint effort with Innovative Sports
Training and Motion Analysis Corporation. Individual templates were created in Cortex to automatically
identify each tool and bone based on its unique marker configuration. All identified marker data was
collected real-time in Cortex and streamed to TMM software for data capture, computations, and data
export.

Specimen specific models were generated from computer tomography (CT) scans after attachment of
arrays to each of the bones being tracked. Details of model preparation are discussed in a previous
publication (Conditt et al., 2007) (Appendix A). CT scans were then obtained of each specimen using a
helical scanner. Contiguous CT slices of .8 mm in thickness were taken through the knee. Three-
dimensional reconstructions of the tibia and femur were prepared using specialized image processing
software (Materialise, Belgium) resulting in solid models of each bone with a dimensional accuracy of
approximately 0.2mm (Figure 1.1).
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Figure 1.1. Reconstructed CT image and corresponding solid model

The TMM software was developed to automatically extract assign coordinate systems to the femur and
tibia within each specimen-specific model, based on the recommended conventions of the ISB (Wu et
al., 2002) (Figure 1.2). Additionally, other specimen-specific geometries used for calculating deviations

from the target values of each computed parameter were generated by TMM software algorithms.

Figure 1.2. Example of a specimen-specific coordinate system automatically generated by the software
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The Bioskills analysis software developed for this project is comprised of a series of files that collect and
export the appropriate data for each step of the surgery. A script automates the process and can be
controlled by the command center operator or a surgical assistant via an analog hand held event trigger.
Appendix B lists the individual files with a description of the functional purpose of each.

Measurement data, error data and figures from the preference files are imported into Microsoft Excel
via macros. IST created a ‘report generator’ in MS Excel which incorporates all of the data for a specific
user into a report format. The requirement for report generation is a full set of appropriate files
exported from the individual preference files. Report generation takes less than one minute; therefore
the final report is immediately available at the conclusion of the session or may be generated at another
time in the future. See Appendix C for an example of the report.

The trainee communicates the target orientations and alignments of the components, which are
recorded in the report for comparison to actual component placement. Targets include femoral
component flexion/extension (Figure 1.3 (a)), varus/valgus (Figure 1.3 (b)), internal/external rotation
(Figure 1.3 (c)), medial/lateral placement (Figure 1.3 (d)), tibial component varus/valgus (Figure 1.4 (a)),
internal/external rotation (Figure 1.4 (b), and tibial slope (Figure 1.4 (c)).

/
» P )

Internal External
Extension Flexion - +
- +
\_/ H Medial «—» Lateral
- +
Varus Valgus
(a) - (b) + (c) (d)

Figure 1.3. Trainee specified femoral component targets: (a) flexion/extension, (b) varus/valgus, (c)
internal/external rotation and (d) medial/lateral alignment.

—//—:_i;:s‘lope

Internal\—/External

+

(a) (b) (c)
Figure 1.4. Trainee specified tibial component targets: (a) varus/valgus, (b) internal/external rotation and (c) tibial
slope
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Parameter Target Value

Femoral component position/alignment

(+)medial/(-)lateral (mm) 0
(+) varus/(-)valgus (deg) -5
(+)flexion/(-)extension (deg) 0

Tibial component alignment

(+) varus/(-)valgus (deg) 0
(+)anterior/(-)posterior slope (deg) -7
(+)internal/(-)external rotation (deg) 6

Table 1. Typical target values for parameters defining the position and alignment of the
femoral and tibial components

Hardware

The motion capture system operates on the principle that the spatial location of all tools and bones
within the bioskills laboratory can be tracked by measuring the position , in space, of arrays of 3-4
spherical retro-reflective markers attached to each tool , bone, or implant. In practice, this necessitates
that the geometric relationship between the markers within each array is precisely known throughout
the preparation and eventual tracking of each specimen in surgery. This is realized by attaching each
marker to a metal post which is inserted into a threaded hole in the base of an aluminum mounting
plate (Figure 1.5). By varying the spacing of the hoes utilized for marker attachment, unique geometric
configurations of markers are created, enabling each array to be identified from a set of spatial
coordinates of all bones, instruments and implants in use at any one instant. The array of holes for
attachment of markers to each plate was designed to provide at least 19 unique combinations of
marker positions with sufficient variation in marker separation to be recognized as unique by the
camera system. Further information relating to the design of the mounting plates is presented in
Appendix D. Figure 1.6 illustrates the original CAD model of the mounting plate, and a photo image of
one such late after fabrication in a CNC milling machine.

Previous experience has shown us that preparation of cadaveric specimens for use in bioskills
experiments is time-consuming and often necessitates freezing and storage of each specimen after CT
scanning, prior to its use in a training session. This creates a potential problem because the performance
of reflective markers deteriorates dramatically with exposure to sub-zero conditions. However, removal
and reattachment of markers from bones or mounting plates results in errors in tracking of each
specimen and any instrumentation. To overcome these challenges, we devised a novel design of
modular bone plate and mounting plate assembly to allow the mounting plate to be detached from the
bone after imaging and then reattached prior to a training session without loss of accuracy in tracking.
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< 3 N
Figure 1.5. Interchangeable flag system (A) CAD model (B) physical model

The assembly consists of a bone plate rigidly attached to the bone or surrogate anatomic model with
screws (Figure 1.6 (A)). The universal flag mates to a post that mates to the bone plate (Figure 1.6 (B)
and (C)). The bone plates were fabricated with a CNC milling machine.

(A) (B)

Figure 1.6. Detachable mounting system: (A) bone plate with holes to allow attachment to the femur of
tibia using bone screws, (B) Assembly (bone plate, post and universal flag) shown in exploded view, and
(C) Assembly in final orientation used for attachment to the bone via a skin incision.

The position and/or orientation of the surgical cuts, the surgical instruments, and the prosthetic
components were all measured with an instrumented plane jig and an intramedullary (IM) rod which we
designed in-house and fabricated on the CNC milling machine.
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6”

(A) (B)

Figure 1.7. Plane jig positional measurement tool: (A) CAD model and (B) physical model.

The plane jig (Figure 1.7) was designed with two faces (planes) for measuring the orientation of cut bony
surfaces with respect to the anatomical axes defined by the software. The IM rod (Figure 1.8) was
developed to enable measurement of the location and alignment of the femoral distal cutting guide with
respect to the femoral origin and axis system.

(B)

14”

Figure 1.8. IM rod positional measurement tool: (A) CAD model and (B) physical model.

Data Collection Sequence and Report Generation
At the commencement of each surgical training session, pre-operative values of a number of parameters
are measured to define the native alignment, range of motion and inherent laxity of the knee joint.
These data include:
1. Pre-operative alignment
2. Pre-operative laxity in the frontal (varus/valgus) and transverse (internal/external rotation)
planes at full extension, 30°, 60° and 90° (Shultz et al., 2007).
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3. Passive pre-operative range of motion (ROM) in the sagittal (flexion/extension) plane was
measured by moving the knee through its extension to flexion arc.
(c) tibial slope.

At the conclusion of each surgical step the position and orientation of the appropriate bones and tools
were measured with the motion analysis system. TMM software computed the following geometric
parameters:

1. The medial/lateral and anterior/posterior entry point of the femoral intramedullary (IM) rod

(Figure 1.8) and its inclination with respect to the anatomic axis of the femur in the sagittal
(flexion/extension) and frontal (varus/valgus) planes (Figure 1.9).

Femoral IM Red Insertion Point
Surgeon Actual

.‘—E-.
E
B
(=]
"
-
E
(=]
-
]
]
(=]
B
E
=

Lateral

-10 -5 0

Med/Lat Dev from Target {mm)

Med/Lat (mm) 2.9 AntiPost{mm) =1.2

Figure 1.8. Example of reported medial/lateral and anterior/posterior insertion point error (mm) of
intramedullary rod.
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IM Rod Ant/Post Deviation 135 ° 1M Rod MediLat Deviation -1.30 °

Figure 1.9. Example of reported medial/lateral and anterior/posterior insertion angle error (degrees) of
intramedullary rod.
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2. The alignment of the distal femoral cutting guide and cut with respect to the anatomical axis of
the femur in the sagittal (flexion/extension) and frontal (varus/valgus) planes (Figure 1.10).

y_.

Femoral Distal Cutting Block
Accuracy

Actual Cut

Femoral Distal Cut Accuracy = Block Alignment

Targets Relative Guide Alignment
Flexion 0.0° 21°
Valgus Angulation 5.0 ° 29° (varus)

Targets  Relative Cut Alignment
Flexion 0.0 ° -21°
Valgus Angulation 5.0 ° 1.6 ° (varus)

degrees of flexion

Sagittal Plane Dev from Target ()

6 12

Frontal Plane Dev from Target (°)

Figure 1.10. Example of plane jig orientation on cut surface (left) and reported deviations for femoral
distal cutting guide alignment and femoral distal cut alignment (right).
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3. The alignment of the posterior (4-in-1) femoral cutting guide and cut with respect to the
anatomical axis of the femur in the sagittal (flexion/extension) and transverse (internal/external

rotation) planes (Figure 1.11).

Femoral AP Cutting Block

Accuracy

Actual Cut

Femoral A/P Cut Accuracy = Block Alignment]

Targets Relative Guide Alignment
Flexion 0.0° -0.7°
External Rotation 3.0° 23 ° (external)

Targets  Relative Cut Alignment
Flexion 0.0° -24°

External Rotation 3.0° 1.9 ° (external)

degrees of flexion

Sagittal Plane Dev from Target ()

internal external

6 12

Transverse Plane Dev from Target (°)

Figure 1.11. Example of plane jig orientation on cut surface (left) and reported deviations for femoral
posterior cutting guide alignment and femoral posterior cut alignment (right).
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4. The resection depth of both the posterior and distal cuts. (Figure 1.12).

Lateral Medial Femoral Resection

Distal Cut: 74 94
Posterior Cut: 82 10.2

—_
E
E
b
™
L
z
L
4

Distal Cut
u Posterior Cut
8 12 16
Medial (mm)

Resection (mm) Lateral
Distal Cut 7.4
Posterior Cut 8.2

Figure 1.12. Example of reported medial and lateral femoral condyle resections (distal and posterior cuts).

5. The alignment of the tibial cutting guide and cut with respect to the anatomical axis of the tibia
in the sagittal (tibial slope) and the frontal (varus/valgus) planes. (Figure X)

6. The depth of tibial resection for the lateral and medial condyles. (Figure X)

7. The alignment of the tibial component in the transverse (internal/external rotation) plane

(Figure 1.13).
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Tibial Preparation

Targets Relative Guide Alignment
Posterior Slope 5.0° 25 ° (anterior)

Varus Angulation 0.0° 11 °  (varus)

Relative Cut Alignment

Posterior Slope 41° (anterior)

Varus Angulation 0.6 ° (varus)

Actual Cut

External Rotation I 7.7 °  (external)

Resection (mm)
Tibial Cut

Figure 1.13. Example of tibial measurements.

8. The net alignment of the knee joint was calculated in full extension post-operatively (Figure
1.14):

a) changes in the relative position of the tibia with respect to the femur were calculated
based on the displacement of the tibial coordinate system relative to the femoral
coordinate system.

b) the tibiofemoral alignment of the knee in the frontal plane (varus/valgus) was defined
by the angle between the tibial and femoral anatomical axes.

c) the tibiofemoral alignment of the knee in the transverse plane (internal/external
rotation) was defined by the angle between the medial/lateral femoral and tibial axes.



Postoperative Limb Alignment

Absolute Change

Flexion Angle (Flex-/Ext+) -1.1° -6.5°
Rotation Angle (Ext+/Int-) -6.3° -6.4°
Angulation (Valgus+/Varus-) -4.4° 44°
Tibial Slope 15° -3.5°

Figure 1.14. Example of frontal plane and sagittal plane alighment with components (left) and reported
postoperative limb alignment measures (right).

9. Post-operative laxity in the frontal (varus/valgus) and transverse (internal/external rotation)
planes at full extension, 30°, 60° and 90°.

10. Passive post-operative range of motion (ROM) in the sagittal (flexion/extension) plane was
measured by moving the knee through its extension to flexion arc.

11. Post-operative laxity in the frontal (varus/valgus) and transverse (internal/external rotation)
planes at full extension, 30°, 60° and 90°.

12. Passive post-operative range of motion (ROM) in the sagittal (flexion/extension) plane was
measured by moving the knee through its extension to flexion arc.



21

Technical Objective 2.0. Development of a Surgical Skills Training Facility

OVERVIEW

The goal of Technical Objective 2.0 was to develop a facility for training surgeons in musculoskeletal
procedures using the computerized surgical skills system. This objective was successfully completed. A
fully operational training facility integrating the computerized bioskills trainer with all supporting
instrumentation was developed and implemented with the ability to conduct up to four surgical training
surgery sessions simultaneously.

METHODS AND RESULTS

We successfully developed a surgical training facility (Figure 2.1) consisting of the hardware necessary to
support up to four independent, simultaneous surgical training sessions in orthopedic procedures. This
facility is located within the Methodist Institute for Training, Research and Innovation at The Methodist
Hospital in Houston, and occupies a decommissioned operating room which was actively utilized for
surgical procedures until 2006. This location of this facility is ideal for demonstrating the capabilities of
any surgical training system because of the authenticity of the operative environment and the existence
of extensive infrastructure, including refrigerated storage rooms for human and animal cadavers.

As previously stated, the backbone of the surgical skills system is a 12-camera, infra-red digital camera
system (Motion Analysis Corporation, Santa Rosa, CA). The cameras identify the positions of reflective
markers attached to the bones and measurement instruments, with unique marker array combinations
representing each individual object. These marker position data are to TMM software for data collection
and analysis. The cameras are mounted to a custom frame designed to isolate the cameras from
external vibrations while maximizing the field of view of each camera.

E =

Figure 2.1. Bioskills surgical training facility.

Design and development of supporting instrumentation was a significant aspect of implementing a fully
functional training facility. Off-the-shelf surgical tools such as saw sets and retractor sets were
purchased, however the majority of hardware was developed and fabricated in-house. Customized
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tools and supporting instrumentation included: an interchangeable flag system, detachable mounting
plates for cadaver flags, plane jig and intramedullary (IM) rod tracking tools, surgical tables with
incorporated laxity test apparatus, and command center. Appendix D contains a description, computer
aided design (CAD) model and illustration of the finished product for each customized tool or piece of
hardware. Key components of the facility are the specialized operating tables and the command center.

The surgical tables (Figure 2.2) were designed and constructed to meet surgical, specimen fixation and
joint laxity test requirements. The table secures a cadaver specimen (L5 spinal segment to feet)
prepared for surgical procedures or a surrogate model. The foot of the specimen is secured on a rail that
accommodates a surgeon’s preference for knee flexion positioning as well as passive range of motion
during the procedure. Joint laxity testing is accomplished by applying both axial and perpendicular
torques to the tibia in a controlled manner via the laxity test apparatus (Figure 2.2). A torque wrench
with an intergraded torque sensing load cell (FUTEK Advanced Sensor Tech, Irvine Ca) was used to apply
the torques (5 Nm internal/external rotation, 10 Nm Varus/Valgus) to each specimen. Each surgical
station had its own dedicated data acquisition system (Measurement Computing, Norton, MA) used to
measure the output signal of each torque wrench during laxity test. This raw torque data was synced
with TMM software and joint laxity was calculated.

y Test Apparatus

Torque ¢
___YVrench

Figure 2.2. Customized surgical table with laxity test apparatus: (A) CAD model and (B) physical model.
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Each surgical station has its own dedicated video monitor allowing the
trainee to receive live feedback from the training software (Figure 2.3).

A central command center (Figure 2.4) was designed such that one person could monitor all surgical
stations and the motion capture system (Cortex) simultaneously. The command center accommodates a
dedicated computer and monitor for each surgical station, a separate computer for Cortex and four data
acquisition boards for all analog data.

Figure 2.4. Central command center.
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Technical Objective 3.0. Validation of Integrated Bioskills Surgical Training

System

OVERVIEW

The goal of Technical Objective 3.0 was to test the hypothesis that the Bioskills Training System
enhances the speed and efficiency of acquisition of surgical skills. The objective was successfully
completed.

METHODS

Eleven trainees were recruited to participate in the study. Trainees consisted of surgical students,
residents and fellows enrolled in programs at The University of Texas, Baylor College of Medicine, or
Methodist Hospital in Houston, Texas. Each trainee filled out a standard form describing their previous
surgical experience, including the total number of knee replacement procedures they have previously
observed, assisted or performed. Each trainee was given surgical procedure documentation for the
NexGen (Zimmer, Warsaw, Indiana) total knee replacement system (see Appendix E for the NexGen
surgical documentation). Trainees were graded based on their average of six different measures on their
initial sawbone surgery. Based on their initial assessment, trainees were divided into two groups of
average equal skill. Group 1 (n=6) performed the knee replacement first on a polymeric model then a
cadaver with conventional training. An instructor was available to supervise each trainee, providing
feedback and suggestions for the conventional (apprentice style) sessions. Group 2 (n=5) performed the
knee replacement procedure on a polymeric model with performance assessed by the Computerized
Bioskills system. Results of each surgical step as well as the final alignment as determined by the Bioskills
system were communicated to the trainee. The trainee then performed the procedure on a cadaver
under surveillance of the Bioskills system. Finally, the trainees exchanged group assignments and the
protocols were repeated.

RESULTS
Final Limb Alignment
All Cadaver Trials

The primary outcome of this surgical procedure is the post-operative alignment of the knee in full
extension. Final limb alignment measures included:

1. axial rotation of the tibia with respect to the femur (i.e. relative internal or external rotation),

2. axial alignment of the tibia with respect to the femur in the frontal (i.e. coronal) plane, commonly
referred to as the varus/valgus alignment of the knee, , and

3. the posterior slope of the tibial component with respect to the longitudinal axis of the tibia.
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When analyzed as one group, tibiofemoral rotation changed from 4.9°t1.1° of external rotation pre-
operatively to 2.4°+1.7° of internal rotation after knee replacement (Figure 3.1). Pre-operative
alignment of the knee in the frontal plane averaged 0.06 °+0.64° of varus and changed by less than one
degree to 0.74°+0.57° of varus after surgery (Figure 3.2). The trainees reduced the posterior slope of
the tibia from average of 6.0°+0.2° pre-operatively to 3.9°+0.6° after knee replacement (Figure 3.3).

Average Tibiofemoral Rotation for All Cadaver Trials
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Figure 3.1. Average tibiofemoral rotation for all cadaveric trials expressed in terms of the pre-operative and post-
operative alignment, and the change in alignment due to the surgical procedure.
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Figure 3.2. Average varus/valgus alignment for all cadaver trials compared pre-operatively, post-operatively and in
terms of the change in alignment due to the surgical procedure.
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- Average Tibial Slope Values for All Cadaver Trials
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Figure 3.3. Average tibial slope for all cadaver trials compared pre-operatively, post-operatively and for the
change in alignment due to the surgical procedure.

Group Analysis

When analyzed by assigned groups, tibiofemoral rotation went from 4.68°+1.73° external rotation to
4.03°+2.16° internal rotation in Group 1 (Figure 3.4). Group 2 averaged 5.21°+1.22° of pre-operative
external rotation and 0.22°+2.85°0of post-operative internal rotation. Pre-operatively Group 1 averaged
0.28 °+0.93° of varus and post-operatively averaged 0.29°+0.87° of varus (Figure 3.5). Group 2 averaged
0.23 °10.88° of valgus pre-operatively and post-operatively averaged 1.34°+0.63° of varus. Tibial slope
averaged 6.33°+0.28° for Group 1 and 5.44°+0.29° for Group 2 pre-operatively. Tibial slope post-
operative measures were 2.33°+0.80° and 5.88°+0.57°, respectively (Figure3.6).

Average Tibiofemoral Rotation by Group
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Figure 3.4. Average tibiofemoral rotation by group compared pre-operatively, post-operatively and for the change
in alignment due to the surgical procedure.
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Average Varus/Valgus Alignment by Group
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Figure 3.5. Average varus/valgus alignment by group compared pre-operatively, post-operatively and for the
change in alighment due to the surgical procedure.

Average Tibial Slope Values Compared by Group
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Figure 3.6. Average tibial slope by group compared pre-operatively, post-operatively and for the change in
alignment due to the surgical procedure.

Analysis by Trial Type

When analyzed by the type of trial performed (first cadaver trial or ‘Cadaver 1’ versus second cadaver
trial or ‘Cadaver 2’), tibiofemoral rotation measures pre-operatively were 5.42°+1.86° external rotation
for Cadaver 1 trials and 4.34°+1.14° external rotation for Cadaver 2 trials (Figure 3.7). Post-operative
measures were 0.11°+2.58° external rotation for Cadaver 1 trials and 5.15°+2.1° internal rotation for
Cadaver 2 trials (Figure 3.8). Pre-operatively Cadaver 1 trials averaged 0.01°+0.92° of varus and post-
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operatively averaged 1.13°+0.832° of varus (Figure 3.8). Cadaver 2 trials averaged 0.11°+0.95° of varus
pre-operatively and post-operatively averaged 0.32°+0.78° of varus. Tibial slope averaged 6.09°+0.32°
for Cadaver 1 trials and 5.8°+0.33° for Cadaver 2 trials pre-operatively. Post-operative measures were
3.48°£0.88° and 4.25°+0.98°, respectively (Figure 3.9).

Average Tibiofemoral Rotation by Trial Type
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Figure 3.7. Average tibiofemoral rotation by trial type compared pre-operatively, post-operatively and for the
change in alignment due to the surgical procedure.
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Figure3.8. Average varus/valgus alignment by trial type compared pre-operatively, post-operatively and for the
change in alignment due to the surgical procedure.
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Average Tibial Slope by Trial Type
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Figure 3.9. Average tibial slope by trial type compared pre-operatively, post-operatively and for the change in
alignment due to the surgical procedure.

Conclusions

e These results demonstrate that that surgical trainees generally have difficulty in achieving
correct alignment total knee replacement in terms of the axial rotation of the tibia with respect
to the femur . Additional difficulty is observed in achieving adequate posterior slope of the tibial
component. Interestingly, although the knees were generally left in more varus than planned,
the average error was less than one degree.

e Interms of the method of training, trainees instructed with traditional didactic methods were
further from target values of rotational alignment and tibial slope than those trained with data
derived from the Bioskills training system. However, varus/valgus alignment was superior in the
traditionally trained group.

e When these errors are broken down by the number of repetitions of the training exercise.,
varus/valgus alignment and tibial slope improved with the second cadaver session, compared to
the first, however tibio-femoral rotation deteriorated.

Soft Tissue Balancing

Pre-operative and post-operative frontal and transverse laxities were determined for each of the twenty
cadaver knees. For all pre-operative specimens, when subjected to 5 N/m varus torque, varus
angulation of the tibia relative to the femur generally increased across all flexion angles (full extension:
0.61°+0.12°,30°: 0.64° £ 0.12°, 60°: 0.67° £ 0.15°,90°: 0.76° £ 0.17°). Post-operative varus angulation
did not differ significantly from pre-operative angulation in flexion (30°: 0.70° £ 0.23°, 60°: 0.77° £ 0.23°,
90°: 0.78° £ 0.19°), although post-operative full extension was slightly increased (full extension: 0.86° +
0.26°; p=0.39). When 5 N/m valgus torque was applied, valgus angulation in pre-operative knees
generally decreased as flexion increased (full extension: 0.90° £ 0.20°, 30°: 0.60° £ 0.12°, 60°: 0.57°
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0.14°,90°: 0.47° £ 0.08°). At full extension and at 30° of flexion, post-operative valgus angulation was
similar to pre-operative angulation (full extension: 0.72° £ 0.19°, 30°: 0.59° + 0.13°) and slightly
increased at higher flexion angles (60°: 0.93° + 0.35°, 90°: 0.65° + 0.27°), although no differences were
statistically significant. Application of 10 N/m internal and external torque revealed more transverse
rotational laxities than frontal varus and valgus laxities both pre- and post-operatively. Internal torque
resulted in corresponding internal rotation of the tibia relative the femur that increased with any flexion
pre-operatively (0°: 7.62° + 1.03°, 30°: 15.54° + 1.04°, 60°: 18.54° + 0.99°, 90°: 15.16° + 1.47°) and post-
operatively (0°: 5.42° + 0.64°, 30°: 14.51° + 1.51°, 60°: 16.57° £ 1.91°, 90°: 17.52° £ 2.42°). Similarly,
although pre- and post-operative full extension external rotation was greater than internal, external
rotation increased with any flexion as external torque was applied pre-operatively (0°: 10.18° + 1.65°,
30°:15.26° + 1.77°,60°: 12.38° + 1.59°, 90°: 15.07° + 1.83°) and post-operatively (0°: 10.52° + 2.37°, 30°:
17.54° +2.25°, 60°: 17.25° + 2.54°,90°: 20.99° + 2.83°).
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Figures 3.10 - 3.13. Pre-operative and post-operative frontal and transverse laxity measurements for all
surgeons.

The pre-operative and post-operative frontal and transverse laxity measurements were categorized into
subgroups based on Group 1 versus 2 and phase cadaver 1 versus cadaver 2 (Figure Al and A2,
respectively). Group 2 post-operative frontal laxity measurements tended to approach those of the
intact specimen with less deviation as compared to group 1’s post operative measurements, whereas
both groups had similar trends with regards to post-operative transverse laxity measurements matching
up with pre-op measurements. However, no significantly different trends were noticed between groups.
The only significant differences noted between the two groups were the pre-operative frontal laxity,
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varus measurement at 60 degrees of flexion (p=0.04 ) and in the pre-operative transverse laxity,
external rotation measurements at 90 degrees of flexion (p=0.04).

Femoral Preparation
All Trials

The alignments of the surgical instruments were measured after each step of the surgical procedure. As
a group, the average error in the IM rod insertion placement caused it to be positioned 1.15+0.56 mm
medial and -2.8310.65 mm posterior to the projection of the actual intramedullary axis (Figure 3.14).
The IM rod was angled 0.48°+0.19° lateral (varus) and 0.45°+0.31° anterior (flexion) to the anatomical
axis (Figure 3.16). This corresponded to group average deviations from the target insertion point of
4.09+0.48 mm anterior/posterior and 2.87+0.40 mm medial/lateral (Figure 3.15). Group average
deviations from target alignment were 1.02°+0.13° medial/lateral and 1.59°+0.18° anterior/posterior
(Figure 3.16).

. ) ) Deviation of IM Rod Insertion Point from Target
IM Rod Insertion Point (Average of All Trials)

15 Values (Average of All Trials)
. 5.0 -
1.0 - !
s 40 -
E 0.0 £
E E
£05 g 30
1.0 2
5 1.5 s 2.0
220 §
-2.5 - + 1.0
-3.0
-3.5 0.0
Anterior(+)/Posterior(-) Medial(+)/Lateral(-) Anterior/Posterior Medial/Lateral

Figures 3.14 and3.15. Average IM rod insertion point relative to the ideal insertion point (the projection of the
actual intramedullary axis on the distal femur) for all trials (left) and deviation of the IM rod insertion point from
target values averaged for all trials (right).
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Figures 3.16 and 3.17. Average IM rod alignment for all trials (left) and deviation of IM Rod alignment from target
values averaged for all trials (right).

The distal cutting guide was positioned in 1.43°+£0.42° of flexion and 4.58°+£0.37° valgus with respect to
the femoral anatomical axis (Figure 3.18) for the entire group. This corresponded to deviations from



32

target values of 2.52°+0.26° flexion/extension and 1.82°+0.26° varus/valgus (Figure 3.19). On average,
the posterior cutting guide (4-in-1 cutting guide) was placed in 0.70£0.75° of extension and 1.23°+0.89°
of external rotation with respect to the anatomical axis (Figure 3.20). The average deviation from target
in flexion/extension was 3.38°+0.57° and 4.51°+0.68° in external/internal rotation (Figure 3.21).
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Figures 3.18 and 3.19. Average alignment of the femoral distal cutting guide for all trials (left) and deviation of
alignment from target values averaged for all trials (right).
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Figures 3.20 and 3.21. Average alignment of the femoral posterior (4-in-1) cutting guide for all trials (left) and
deviation of alignment from target values averaged for all trials (right).

The femoral distal osteotomy alignments averaged 0.01°+0.49° in extension and 5.14°+0.31° in valgus
for all trials (Figure 3.22). The posterior osteotomy averaged 0.70°+0.98° in external rotation (Figure
3.22). Corresponding deviations from the intended targets were 2.42°+0.32° in flexion/extension,
1.76°+0.18° in varus/valgus and 4.83°10.73° in external/internal rotation (Figure 3.23).
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Femoral Osteotomy Alignment Averaged for All Trials Deviation of Femoral Osteotomy from Target
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Figures 3.22 and 3.23. Average alignment of the femoral osteotomies for all trials (left) and deviation of alignment
from target values averaged for all trials (right).

Conclusions

e These results demonstrate that surgical trainees tend to place the intramedullary guide rod at a
significant displacement away from the target position corresponding to the longitudinal axis of
the intramedullary canal. These errors are much larger in the anterior/posterior direction than
medial/laterally. In contrast, errors in the axial alignment of the rod are relatively small.

e Errors in placement of the distal cutting guide lead to 2-3 degree misalignment of the femoral
resections, both in flexion/extension and varus/valgus alignment. The varus/valgus component
is of particular concern, because deviations were typically in a varus direction.

Tibial Preparation

The alignments of the tibial cutting guide and tibial osteotomy were measured relative to the anatomic
and medial/lateral axes of the tibia.

Post-operatively, the average alignment of the tibial cutting guide was 3.36°+0.52° in posterior slope,
0.10°+0.45° in valgus and 5.23°+0.86° in external rotation for all trainees combined (Figure 3.24). This
corresponds to average deviations from target values of 3.33°40.39° in posterior slope, 2.46°+0.22° in
varus/valgus alignment, and 6.56°+0.60° in external/internal rotation (Figure 3.25).

Similar values were measured for the actual orientation of the tibial osteotomies. These were aligned at
an average of 3.22°10.41° in posterior slope, 0.98°+0.44° in varus and 5.38°+0.84° in external rotation
(Figure 3.26). This corresponds to deviations of 2.87°+0.36° posterior slope, 2.45°+0.27° varus/valgus
and 4.22°+0.51° external/internal rotation compared to target values (Figure 3.27).
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Figures 3.24 and 3.25. Average alignment of the tibial cutting guide for all trials (left) and deviation of alignment
from target values averaged for all trials (right).
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Figures 3.26 and 3.27. Average alignment of the tibial osteotomies for all trials (left) and deviation of alignment
from target values averaged for all trials (right).

Conclusions

e These results support the conclusion that the surgical trainees had significant difuculty in
preparation of the tibia, with an average increase of deviations of 2-3 degrees in varus
alignment, with a 3-4 degree shortfall in posterior slope.

e A source of major concern is the difficulty experienced by trainees in achieving the correct axial
rotation of the tibial component with respect to the femur, which could have serious clinical
consequences if reproduced in treatment of patients.
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Table 3.1. Group instrument and osteotomy alignment errors

Standard Deviation Standard

Mean
Error from Target Error

Femoral intramedullary rod

(+)medial/(-)lateral (mm) 1.15 0.56 2.87 0.40

(+)anterior/(-)posterior (mm) -2.83 0.65 4.09 0.48

(+)med/(-)lat (deg) -0.48 0.19 1.02 0.13

(+)posterior/(-)anterior (deg) 0.45 0.31 1.59 0.18
Distal femoral cutting guide

(-)varus/(+)valgus (deg) 4.58 0.37 1.82 0.26

(+)flexion/(-)extension (deg) 1.43 0.42 2.52 0.26
Posterior femoral cutting guide

(+)internal/(-)external rotation (deg) 1.23 0.89 4.51 0.65

(+)flexion/(-)extension (deg) -0.70 0.75 3.38 0.57
Tibial cutting guide

(+)varus/(-)valgus (deg) -0.10 0.45 2.46 0.22

(-)anterior/(+)posterior slope (deg) 3.36 0.52 3.33 0.39

(+)external/(-)internal rotation (deg) 5.20 0.86 6.56 0.60
Femoral Osteotomy

(+)flexion/(-)extension (deg) -0.01 0.49 2.42 0.32

(+)varus/(-)valgus (deg) 5.14 0.31 1.76 0.18

(+)internal/(-)external rotation (deg) 0.70 0.98 4.83 0.73
Tibial Osteotomy

(-)anterior/(+)posterior slope (deg) 3.22 0.41 2.87 0.36

(+)varus/(-)valgus (deg) 0.98 0.44 2.45 0.27

(-)internal/(+)external rotation (deg) 5.38 0.84 4.22 0.51

Surgical Procedure Metrics

Results from the analyses of specific surgical procedures are given in Appedix F. All major surgical steps
of the knee arthroplasty procedure were analyzed in terms of quantifying: (1) alignment of the cutting
guides and alignment of the resulting osteotomies. Group analyses (Group 1 assignment versus Group 2
assignment) and trial specific (sawbone versus cadaver) analyses are presented for alighment of the
guides/osteotomies and deviations from the intended targets.

Analyses by Group Assignment

Analyses by group demonstrated that significant differences did not exist between the skill levels of the
two groups when individual steps were analyzed. Therefore, the average skill level represented by each
group was representative of the overall skill level of study participants.

With respect to femoral preparation surgical steps, anterior/posterior placement of the IM rod, both in
terms of insertion point and alignment, demonstrated higher deviation from the intended target than
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medial/lateral measures (Figures F.1-F.4). There was also greater variability in alignment (i.e. angle)
measures compared to insertion point measures. Femoral cutting guide measures also showed
consistent similar alignment measures as well as deviations from intended targets when the two groups
were compared (Figures F.5-F.8). Similar trends were seen for tibial cutting guide alignment and tibial
osteotomy metrics (Figures F.21-F.25)

Analyses by Trial Type

Analyses by trial type involved grouping metrics based on the specific surgical trial for all surgeons who
performed that trial (i.e. Sawbone Trial 1, Cadaver Trial 1, Sawbone Trial 2, and Cadaver Trial 2).

With respect to femoral preparation surgical steps, there was great variability between sawbone trial
outcomes and cadaver trial outcomes. For example, in flexion/extension measures of IM rod alignment
the sawbone trials averaged IM rod alignmenst in flexion while the cadaver trials averaged IM rod
alignments in extension (Figure F.11). The same trend is seen in IM rod insertion point measures (Figure
F.13) and femoral cutting guide alignment (sawbone trials averaged net external rotational alignment
while cadaveric trials averaged net internal rotational alignment). These results might indicate that
sawbone polymeric models are not adequate surrogate models for knee arthroplasty procedures.

Tibial preparation steps demonstrated a learning curve trend, in terms of both sawbone trials and
cadaveric trials. Tibial guide placement improved with each subsequent trial of the same type (Sawbone
1 - Sawbone 2 and Cadaver 1 - Cadaver 2). For example, measurements of posterior slope increased
from 3.82°+0.91° to 5.30°+1.21°, where 5.5° was the average target value of posterior slope (Figure
F.26). Varus/valgus measures also demonstrated a learning curve (Figure F.28 and F.30) as the
magnitude of the deviation from target values decreased with subsequent surgeries of the same type.
Interestingly, external/internal rotation measures were highly variable and did not necessarily show a
learning curve effect, however tibial osteotomy alighment values in external/internal rotation closely
follow tibial cutting guide alignment values. This suggests that the design of the guide and associated
surgical tools to perform the osteotomy lends themselves to low error propagation (Figure F.27 and
F.29) for this particular alignment metric.
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Key Research Accomplishments

1. We have developed a reliable and accurate turnkey system for measurement of technical
performance parameters in orthopedic procedures, primarily total knee replacement.

2. Successful development of a robust software for automated measurement of bony landmarks,
computation of anatomic axes , and real time monitoring of the position and alignment of surgical
implants and instruments.

3. We have successfully developed a reproducible methodology for measuring the laxity of the knee
joint win all positions of normal function before and after joint replacement.

4. We have succeeded in generating automated reports documenting the technical performance of each
individual surgeon with case-specific illustrations and data with virtually no delay. This enables surgeons
to receive personalized reports immediately upon completion of each training exercise.

5. We have determined that bioskills training has variable impact on the technical skills of trainees and
that more structured use of the system is required to optimize its impact on skill acquisition and the
spectrum of technical tasks successfully acquired.

6. Our results have demonstrated that current surrogate models of the knee ("Sawbones"), used
worldwide for surgical training, do not emulate the acquisition of transferrable technical skills. We have
determined that more realistic anatomic models are needed for use in surgical training to replace
completely or at least to a significant degree the need for human cadavers.

Reportable Outcomes and Conclusions

The major reportable outcome of this study is the development of an operational Bioskills Training
facility at The Methodist hospital in Houston for the development of surgical skills in trainees within the
medical school and residency training programs, and in practicing surgeons within the community who
may wish to further refine their technical skills or learn new procedures. Discussions are underway with
the administration of Methodist- Cornell Medical School, Baylor College of medicine, and The University
of Texas to incorporate this facility into the training of Residents and fellows in orthopedic Surgery and
other specialties.

Experts at other training centers (D Chit Ranawat, Hospital for Special Surgery, New York and Dr Ron
Lehman, Walter Reed Hospital, Washington DC) have expressed an interest in developing satellite
versions of the Bioskill Systems to use in their own facilities. awe are interested in obtaining funding to
test and develop the outcome of training using this system, both in the sense of acute improvement of
technical skill, but, more importantly, in terms of outcomes and prevention of complications in clinical
practice. We are in the process of exploring funding sources to make this possible.
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Manuscripts of our findings will be prepared once we have completed enrollment of experienced
surgeons to serve as a reference datum. Nonetheless, the bioskills system has been presented to
surgeons and manufacturers in a variety of conference venues, including the American Academy of
orthopedic Surgery and the Australian Orthopedic Association.



39

References

Berend M, Ritter M, Meding J, Faris P, Keating E, Redelman R, Faris G, Davis K. Tibial component failure
mechanisms in total knee arthroplasty. Clin Orthop Relat Res. 2004; 428: 26-34.

Conditt M, Noble P, Thompson M, Ismaily S, Moy G, and Mathis K. A computerized bioskills system for
surgical skills training in total knee replacement. Proc Inst Mech Eng H. 2007; 221(1): 61-9.

Coventry M. Two-part total knee arthroplasty: evolution and present status. Clin Orthop Relat Res. 1979;
145: 29-36.

Shultz S, Shimokochi Y, Nguyen A, Schmitz R, Beynnon B, Perrin D. Measurement of varus-valgus and
internal-external rotational knee laxities in vivo — part I: assessment of measurement reliability and
bilateral asymmetry. J Orthop Res. 2007; 25(8): 981-8.

Stulberg B, Loan P, Sarin V. Computer-assisted navigation in total knee replacement: results of an initial
experience in thirty-five patients. J Bone Joint Surg Am. 2002; 84A, Suppl. 2: 90-98.

Stulberg B, Zadzilka J. Computer-assisted surgery: a wine before its time: in opposition. J Arthroplasty.
2006; 21(4), Suppl. 1: 29-32.

Wu G, Siegler S, Allard P, Kirtley C, Leardini A, Rosenbaum D, Whittle M, D’Lima DD, Cristofolini L, Witte
H, Schmid O, Stokes. ISB recommendation on definitions of joint coordinate system of various joints for
the reporting of human joint motion — part I: ankle, hip, and spine. J Biomech. 2002; 35(4): 543-8.



40

Appendices

Appendix A.1. Previously published journal article detailing methodology

Conditt M, Noble P, Thompson M, Ismaily S, Moy G, and Mathis K. A computerized bioskills system for
surgical skills training in total knee replacement. Proc Inst Mech Eng H. 2007; 221(1): 61-9.



SPECIAL ISSUE PAPER 61

A computerized bioskills system for surgical skills
training in total knee replacement

M A Conditt'*, P C Noble®?, M T Thompson', § K Ismaily’, G J] Moy’, and K B Mathis**
!Institute of Orthopedic Research and Education, Houston, Texas, USA

2 Baylor College of Medicine, Houston, Texas, USA
#John S. Dunn Foundation, Houston, Texas, USA

4 Department of Orthopedic Surgery, The Methodist Hospital, Houston, Texas, USA

The manuscript was received on 23 April 2006 and was accepted after revision for publication on 4 October 2006.

DOI: 10.1243/09544119]EIM254

INTRODUCTION

Abstract: Although all agree that the results of total knee replacement (TKR) are primarily
determined by surgical skill, there are few satisfactory alternatives to the ‘apprenticeship’ model
of surgical training. A system capable of evaluating errors of instrument alignment in TKR has
been developed and demonstrated. This system also makes it possible quantitatively to assess
the source of errors in final component position and limb alignment. This study demonstrates
the use of a computer-based system to analyse the surgical skills in TKR through detailed
quantitative analysis of the technical accuracy of each step of the procedure. Twelve surgeons
implanted a posterior-stabilized TKR in 12 fresh cadavers using the same set of surgical instru-
ments. During each procedure, the position and orientation of the femur, tibia, each surgical
instrument, and the trial components were measured with an infrared coordinate measurement
system. Through analysis of these data, the sources and relative magnitudes of errors in position
and alignment of each instrument were determined, as well as its contribution to the final
limb alignment, component positioning and ligament balance. Perfect balancing of the flexion
and extension gaps was uncommon (0/15). Under standardized loading, the opening of the
joint laterally exceeded the opening medially by an average of approximately 4 mm in both
extension (4.1+2.1 mm) and flexion (3.8 +3.4 mm). In addition, the overall separation of the
femur and the tibia was greater in flexion than extension by an average of 4.6 mm. The most
significant errors occurred in locating the anterior/posterior position of the entry point in the
distal femur (SD=8.4 mm) and the correct rotational alignment of the tibial tray (SD=13.2°).
On a case-by-case basis, the relative contributions of errors in individual instrument alignments
to the final limb alignment and soft tissue balancing were identified. The results indicate that
discrete steps in the surgical procedure make the largest contributions to the ultimate alignment
and laxity of the prosthetic knee. Utilization of this method of analysis and feedback in ortho-
paedic training is expected rapidly to enhance surgical skills without the risks of patient
exposure.

Keywords: total knee replacement, computer model, limb alignment

2]. These include the position and alignment of the

It is well established that the outcome of total knee
replacement, whether gauged by the short-term
function of the artificial joint or its ultimate dura-
bility, is critically determined by technical factors [1,
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prosthetic components with respect to the skeleton,
and the soft-tissue balance achieved intraoperatively
[3-6]. It is generally agreed that in the frontal plane
the desired alignment of the reconstructed knee is
such that the mechanical axis of the limb passes
through the middle of the knee joint [7, 8] or through
the middle third of the prosthesis [9]. In the sagittal
plane the goal is to restore normal patellofemoral
tracking and stability while simultaneously providing
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sufficient knee flexion for everyday activities. It is
also important to recreate the preoperative orien-
tation of the femur and tibia in internal/external
rotation with the knee in full extension, although
opinions differ concerning optimal rotational align-
ment with respect to the bony tibia. In addition to
the final limb alignment, another surgical goal of TKR
is to create symmetric and balanced flexion and
extension gaps [10].

Over the past 30 years of knee arthroplasty, there
have been numerous suggestions of the most effec-
tive procedures for achieving acceptable balance and
alignment of the artificial knee on a routine, repro-
ducible basis [7, 11-16]. Traditionally, the location of
each prosthetic component has been referenced to
anatomic landmarks on either the femur or the tibia,
often without reference to the other bones in the
joint. For example, the internal/external rotation of
the femoral component is traditionally aligned with
the posterior edges of the femoral condyles or the
epicondylar axis, while the rotational position of the
tibial component on the tibia is based on the location
of the tibial tubercle, the shape of the tibial plateau,
or the alignment of the malleoli. These techniques
have been shown to be unreliable in the osteoarth-
ritic knee [17]. More recently, the accuracy of prep-
aration of the tibia and femur has been increased
through adoption of a coupled-component tech-
nique in which the relative orientation of the articul-
ating components is referenced intraoperatively [18].
In addition, cutting guides for both the femur and
the tibia are commonly referenced to extramedullary
and/or intramedullary landmarks to overcome the
difficulty of visualizing the mechanical axis of the
extremity via the surgical incision. Although these
guides increase the reliability of implant placement,
errors still occur owing to the variability of bony
anatomy, and the difficulty of achieving rigid fixation
of the guide to the underlying bone, especially in
osteoporotic cases.

It is even more diflicult to restore the normal stab-
ility of the knee joint throughout the arc of motion
as the forces developed in the ligaments controlling
joint motion are sensitive to precise placement of the
prosthetic components. Moreover, the placement of
the new articulating surfaces must compensate for
the effects of the pathologic process, in addition to
the effects of differences in the geometry of the pros-
thetic and native joints [19]. In order to address bony
deformities, joint contractures, or instability, it may
be necessary to perform a series of soft tissue
releases in addition to the bony cuts to create sym-
metric and balanced flexion and extension gaps.
These soft-tissue balancing procedures are typically

performed without the aid of any instrumentation,
and consequently it is not surprising that, even when
specific techniques are employed to create equal
flexion and extension gaps, perfect soft-tissue
balancing is achieved in only approximately 50 per
cent of cases [20].

Clearly, successful completion of the operation
requires skill, in both technique and judgement.
However, there is limited information demonstrating
in precise, quantitative terms the extent to which
these technical goals are achieved on a case-by-case
basis. Moreover, it is not possible to establish which
specific errors/variations in surgical technique
account for deviations of alignment and balance
from the idealized preoperative plan. As there are
multiple sources of error, a quantitative method is
needed to measure the contribution of each potential
factor to the surgeon’s success in achieving the tech-
nical goals of the procedure. In this study, such a
method is presented, and its effectiveness in discern-
ing causes of malalignment of prosthetic compo-
nents and imbalance of the knee following TKR is
demonstrated.

2 MATERIALS AND METHODS

2.1 Preparation of computer knee models

Twelve normal lower extremities without evidence
of pre-existing contractures or deformities were har-
vested from cadaveric donors (eight males, four
females; average age 76 years). Anteroposterior and
lateral radiographs were prepared of each specimen
to exclude cases with evidence of previous trauma,
or significant skeletal pathology. Computer tomogra-
phy (CT) scans were obtained of each specimen
using a helical scanner (GE Medical Systems) and
contiguous slices of 2.5 mm through the shafts of the
tibia and femur with slices at a thickness of 1.25 mm
through the joint. Three-dimensional reconstruc-
tions of the tibia and femur were prepared
(Materialize, Belgium), resulting in solid models of
each bone with a dimensional accuracy of approxi-
mately 0.2 mm.

Utilizing computer aided design (CAD) software
routines (Unigraphics Inc., Cypress, California), a set
of anatomically based coordinate systems was devel-
oped to define the location and orientation of the
tibia and the femur from the three-dimensional solid
models. For the femur, the true flexion/extension axis
was found by fitting spheres to the posterior condylar
surfaces of the intact femur [21]. The longitudinal
anatomic axis was defined by the line of best fit
through the centroids of cross-sections from the

Proc. IMechE Vol. 221 Part H: J. Engineering in Medicine

JEIM254 © IMechE 2007

42



Surgical skills training in total knee replacement 63

distal third of the femur (Fig.1). The anterior/
posterior axis was defined by a line mutually ortho-
gonal to the other two axes. The origin of the femoral
coordinate system was the point on the longitudinal
axis closest to the flexion/extension axis. The
mechanical axis of the femur was defined as the axis
lying in the plane of the femoral anatomic axis and
perpendicular to the flexion/extension axis. The
longitudinal tibial axis was defined by the line of
best fit through the centroids of cross-sections from
the proximal third of the tibia, as shown in Fig. 1. For
the medial/lateral axis of the tibia, circles were fitted
to the cortical edges of the medial and lateral sides
at slices 2, 4.5, and 7 mm distal to the tibial plateau.
The medial/lateral axis was then calculated by
averaging the centres of these circles (Fig. 1). The
anterior/posterior axis was defined by a line mutu-
ally orthogonal to the other two axes. The origin of
the tibial coordinate system was the point on the
medial/lateral axis closest to the longitudinal axis.

2.2 Surgical preparation of each specimen

Following radiographic evaluation, the twelve
cadaveric knees were prepared for implantation of a
posterior cruciate ligament (PCL) sacrificing pos-
terior stabilized total knee replacement using one
standard set of instruments [Insall-Burstein 11 (IBII),
Zimmer]. This particular instrument set was selected
for use in these experiments because it incorporates
most of the design features common to many other
instrument systems without the specialized features
or accessories characteristic of more contemporary

Fig. 1 Example of CT reconstruction and definition of
anatomic and mechanical axes

instrumentation. The first step of the procedure
involved resection of the proximal tibia using a
cutting guide mounted on an extramedullary align-
ment jig. An intramedullary alignment rod was then
inserted through a drilled hole within the intercondy-
lar notch of the distal femur. The anterior cutting
guide was then indexed off the anterior femoral
cortex, guiding the resection of a preliminary
anterior cut to avoid notching of the femur. The distal
femoral cutting guide was then mounted on the cut
anterior femur to determine the level of the distal
femoral resection. The femur was then sized and the
posterior condylar and the final anterior cuts were
made. The flexion and extension gaps were checked
and, if necessary, the distal femur was recut. The
appropriate femoral notch/chamfer guide was then
pinned to the cut distal femur and controlled the
chamfer cuts and removal of the intercondylar notch.
The rotational position of the tibia was determined
by pinning the tibial stem template on the cut tibial
surface in rotational alignment with the tibial
tubercle. The tibial stem punch was then driven into
the cancellous bone, creating the cavity for the stem
of the tibial tray. Twelve individuals performed the
tibial and femoral cuts on the cadaveric knees: four
experienced surgeons (orthopaedic faculty), one
total joint fellow, five orthopaedic residents, one
physician’s assistant, and one orthopaedic assistant.

2.3 Quantitative assessment of instrument
alignment

During surgical preparation of each knee, the pos-
ition and orientation of the femur and tibia, each
surgical instrument, and the trial components
were measured with a three-dimensional coordinate
measurement system (NDI, Waterloo, Ontario,
Canada). Specifically, the instruments tracked were
the extramedullary tibial cutting guide, the femoral
intramedullary rod, the anterior femoral cutting
guide, the distal femoral cutting guide, and the tibial
stem punch. Based upon these spatial measure-
ments, the following geometric parameters were
calculated.

1. The medial/lateral placement of the extramedul-
lary rod within the tibia and its inclination with
respect to the longitudinal anatomic axis of the
tibia in both the frontal (varus/valgus) and sagittal
planes (tibial slope) (Fig. 2).

2. The medial/lateral and anterior/posterior entry
point of the femoral intramedullary rod and its
inclination with respect to the mechanical and
anatomic axes of the femur in both the frontal
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Fig.2 Computer reconstruction of the tibia with a
cutting block mounted on an extramedullary
alignment guide prior to pinning to the proxi-
mal tibia. The height of the guide is determined
by a threaded sleeve; its inclination is deter-
mined by the position of the rod with respect
to the distal tibia in both the frontal and sagit-
tal planes

(varus/valgus) and sagittal planes (flexion/exten-
sion).

3. The alignment of the anterior femoral cutting
guide with respect to the mechanical axis of the
femur in both the sagittal (flexion/extension) and
transverse planes (internal/external rotation).

4. The alignment of the distal femoral cutting guide:
(a) with respect to the mechanical axis of the

femur, in both the sagittal plane (flexion/

extension) and the frontal plane (varus/
valgus);

with respect to the flexion/extension axis of

the femur in the transverse plane (internal/

external rotation).

. The alignment of the tibial stem punch, relative
to the medial/lateral axis of the tibia in the trans-
verse plane (internal/external rotation).

6. The inclination of the femoral component with
respect to the mechanical axis of the femur in
both the sagittal (flexion/extension) and frontal
planes (varus/valgus).

7. The internal/external rotation of the femoral com-
ponent with respect to the flexion/extension axis
of the femur in the transverse plane.

8. The alignment of the tibial component in the sag-
ittal plane (tibial slope) and in the frontal plane
(varus/valgus), both with respect to the longitudi-
nal axis of the tibia and in the transverse plane
(internal/external rotation) with respect to the
medial/lateral axis of the tibia.

9. The net alignment of the lower extremity, both

b

o

before and after implantation, was calculated in
full extension (Fig. 3) and 90° of flexion:

(a) changes in the relative position of the tibia
with respect to the femur were calculated
from the displacement of the centre of the
tibial coordinate system with respect to the
femoral coordinate system;

the tibiofemoral alignment of the knee (varus/
valgus) was defined by the angle between the
tibial and the femoral anatomic longitudinal
axes in the frontal plane of the femur;

the internal/external rotation of the femur
with respect to the tibia was defined by the
angle between the medial/lateral femoral and
tibial axes in the transverse plane of the femur.

(b

=

(c

£

The ligamentous balance of each knee was measured
in extension and 90° of flexion after completion of
the bony cuts. An instrumented distraction instru-
ment was placed between the cut surfaces of the
femur and the tibia, and a fixed force of 44 N (10 Ibf)
was applied to distract the joint (Fig.4). During
distraction, the pivoting design of the tensometer
allowed differential opening of the medial and lateral
edges of the joint. During distraction, the medial and
lateral separation of the tibia and femur were meas-
ured with the coordinate measuring system. Based
on these measurements, the ‘flexion gap’ was defined
as the mean separation of the joint surfaces under
the distraction load with the knee fixed in 907 of
flexion. The ‘extension gap” was defined as the same
measurements performed with the knee in full exten-
sion. The imbalance of each gap was assessed by
measuring the angle between the cut tibial and fem-
oral surfaces within the frontal plane.

Fig.3 Computer reconstructions of the knee joint
before and after total knee replacement
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Fig.4 Photograph of a navigated joint distraction
device. The metal plates (A) are placed within
the joint space and are separated by turning the
rack and pinion mechanism (B) with a torque
wrench until a total distraction resistance of
44 N is developed between the femur and the
tibia. The distraction plates are [ree to angulate
to allow for unequal opening of the medial and
lateral compartments

3 RESULTS

3.1 Final limb alignment

One primary outcome variable defining the technical
goals of this procedure is the final limb alignment in
full extension. Post-arthroplasty, tibiofemoral align-
ment increased by an average of 2.1+5.8" of varus
with a range of 10.8” of valgus to 8.27 of varus with
respect to the initial, preoperative alignment. In
every specimen, the tibia was placed in more exter-
nal rotation than in the intact knee, with post-
operative external rotation ranging from 0.7 to 12.8°
(average value 5.6+4.3°). In addition, the post-
operative tibia was shifted 3.1 +4.9 mm medially and
13.949.7 mm posteriorly in relation to the femur,
and the tibiofemoral joint space was increased
4.7 +3.1 mm relative to the intact knee.

3.2 Soft tissue balancing

Another primary outcome variable is the balance of
the flexion and extension gaps. Gap measurements
were taken with 44 N (10 Ibf) of force spreading the
joint open. The average extension gap was 13.9+

59mm and the average flexion gap was 18.6+
6.8 mm. Within each surgery, the average difference
between the flexion and extension gap distance was
4.6 mm more flexion gap, with a range of 0.3 mm
tight in flexion to 8.0 mm tight in extension. Only 1
out of 12 surgeries is within a 1 mm acceptability
range in difference in the flexion/extension laxities,
with all others more lax in flexion. If 2 mm of differ-
ence in the medial and lateral gaps is considered
acceptable varus/valgus laxity, two out of 12 knees
were satisfactory in extension and two out of 12
knees were satisfactory in flexion. It should be noted
that these were not the same two knees. On average,
the extension gap was lax laterally 4.14+2.1 mm and
the flexion gap was lax laterally 3.8 +3.4 mm. In 58
per cent of the knees, there was greater asymmetry
in medial-lateral joint space opening in extension
than in flexion.

3.3 Femoral preparation

The alignments of the femoral intramedullary rod,
the anterior cutting block, the distal cutting block,
and the final component were measured relative to
the femur. The knees in this study had an average of
7.54+1.5% anatomic valgus prior to surgical prep-
aration. Post-operatively, the femoral component
was positioned in 2.2+5.2° of flexion, 1.0+4.4
valgus, and 0.2 +2.4° of external rotation with respect
to the mechanical and medial/lateral axes of the
femur.

The alignments of the femoral instruments were
measured during the surgical procedure. On average,
errors in the insertion point of the intramedullary
rod caused it to be positioned 1.2+3.2 mm lateral
and 2.6+ 8.4 mm posterior to the projection of the
actual intramedullary axis on the distal femur. In
alignment, the intramedullary rod was angled
0.743.6° anterior (flexion) and 6.2+2.1° lateral
(varus) to the anatomic axis. In the sagittal plane, the
anterior cutting guide was positioned in 2.4 +6.2° of
flexion and the distal cutting was positioned in
3.7+6.1° of flexion. In the transverse plane, both the
anterior cutting guide and the posterior cutting guide
were externally rotated 2.7+12.1° and 2.2+12.4
respectively. The distal femoral cutting guide was
positioned in 1.1+ 2.0" varus. While the mean values
for these alignments are not far from the intended
configuration, the extreme variability should be
noted (Table 1).

3.4 Tibial preparation

The alignments of the tibial extramedullary rod, the
tibial stem punch, and the final component were
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Table 1 Instrument and component alignment errors

Standard
Goal Mean deviation Minimum Maximum

Tibial EM rod

(+)varus/(—)valgus (deg) 0 0.1 3.1 5.8 3.9

(+)anterior/( —)posterior slope (deg) 3 44 3.8 13.0 1.2

(+)medial/(—)lateral position (mm) 0 14 13.9 —215 272
Tibial punch

(+)internal/(— Jexternal rotation (deg) 0 —8.1 14.5 -394 16.3
Distal femoral cutting guide

(+)varus/(—)valgus (deg) 0 1.1 2.0 —1.8 3.2

(+)internal/(— )external rotation (deg) 0 —22 12.4 —225 v o

(+)flexion/{ —)extension (deg) 0 3.7 6.1 5.6 12.2
Anterior femoral cutting guide

(+)internal/(— )external rotation (deg) 0 27 12.1 225 26.1

(+)flexion/( —)extension (deg) 0 2.4 6.2 —69 11.9
Femoral intramedullary rod

(+)medial/(—)lateral position (mm) 0 —-12 3.2 -9.1 2.8

(+)anterior/(—)posterior position (mm) 0 —26 8.4 —199 12.4

(+)varus/(—)valgus (deg) 0 6.1 2.1 2.1 8.6

(+)flexion/( —)extension (deg) 0 0.7 3.6 —55 6.8
Femoral component

(+)flexion/( —)extension (deg) 0 XX 5.2 —85 9.3

(+)varus/(—)valgus (deg) 0 1.0 4.4 6.5 8.9

(+)internal/(— )external rotation (deg) 0 —02 2.4 —30 32
Tibial component

(+)anterior/({ —)posterior slope (deg) 3 1.2 3.2 5.9 58

(+)varus/(—)valgus (deg) 0 2.2 2.0 —1.6 6.5

(+)internal/(— )external rotation (deg) 0 74 13.2 326 13.6

measured relative to the anatomic and medial/lateral
axes of the tibia. Post-operatively, the tibial compo-
nent was aligned in 1.2+3.2° of posterior slope,
2.2+2.0° varus, and 7.4+13.2° of external rotation
relative to the tibia. The intraoperative measurement
of the extramedullary cutting guide showed it
positioned in 0.14+3.17 of valgus and 4.4 +3.8° of
posterior slope. In addition, the cutting guide
was positioned 1.4 +13.9 mm medially to the centre
of the tibia plateau. The tibial stem punch was
inserted externally rotated 8.1 +14.5° (Table 1).

3.5 Performance evaluation

A system that quantitatively assesses all alignment
aspects of TKR allows objective performance evalu-
ations of the most critical aspects of the procedure.
For example, Fig. 4 shows a performance plot for two
variables critical to successful total knee replace-
ment. Because healthy knees were used for this study,
a desired alignment outcome was the restoration of
the preoperative varus/valgus alignment. The post-
operative change is plotted versus the amount of
imbalance in the extension gap. Quantitative criteria
can then be applied to assess performance. For
example, one standard might be that the varus/
valgus angle should not be more than 3° in either
direction from normal healthy alignment and that
the difference in the medial and lateral measurement
of the extension gap should not be more than 3 mm.

Only three out of 12 surgeries met these criteria, as
shown in Fig. 5.

Similarly, the accuracy of instrument alignment
can be quantified. Figure 6 shows a performance plot
of the posterior slope of the extramedullary tibial cut-
ting guide versus the flexion of the intramedullary

10
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Extension Gap Imbalance (mm)

Fig.5 Data points recorded from the 12 surgeons
participating in this study, superimposed on a
performance plot of the change in the tibio-
femoral varus/valgus alignment versus the
extension gap imbalance during application of
a fixed distraction force. The outlined area rep-
resents the zone of acceptable performance for
these performance metrics
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Appendix B - Preference Files

SetupVerificationFemur: Welcome message and trial that can be used to verify the correctness of the
initial Administration | EditBoneData and Administration|EditToolData through real time display of bones
and instrumentation. Trials are 15 seconds long and are autosaved as STrainerSetupVerificationxxxx.

PreOpAlignment: This preference file displays a message that a neutral alignment recording will be
performed. After the recording the bones are displayed with their software generated mechanical axis
(femur) and anatomical axis (femur and tibia). Also, the derived coordinate systems for the bones are
displayed (Figure X.X).

PreOpROM: This preference file displays a biofeedback window with flexion angle and rotation angle
graphs. Trial will terminate after maximum flexion is reached and the knee joint is returned to less than
15 degrees of flexion. Playback is automatic with flexion/extension and varus/valgus graphs together
with rollback information. The surgeon is prompted to specify targets that must be recorded in the
report.

IntactLaxity00, 30, 60, 90: The purpose of these files is to collect displacement information about the
joint when a specified toque is applied. Displacement indicates how tight or lax the joint is prior to
surgical intervention. This preference file will take the surgeon through a series of trials in which the
shank is flexed to specific angles (full extension, 30°, 60° and 90°). First internal and external rotation
tests are performed with a 5 Nm applied torque, then varus and valugus tests at 10 Nm of applied
torque. The user is provided a visual and auditory signal indicating when the proper combination of
flexion and torque is achieved and the trial ends automatically when the appropriate conditions are met.
Rotational displacement at target torque is the output.

IMInsertionAxis: Records trial with no feedback to compute deviation between the ‘ideal’ (software
computed) femoral IM rod insertion point and the actual insertion point. Output data includes AP and
ML insertion errors and AP and ML angle errors. The IM rod tool is used to take this measurement.

DistalCuttingGuide: determines the orientation of the femoral distal cutting guide relative to the
femoral anatomical axis. Orientation of the guide is reported in terms of flexion/extension and
varus/valgus. The plane jig tool is used to take this measurement.

FemurDistalCut: determines the orientation of the femoral distal cut relative to the femoral anatomical
axis. Orientation of the cut is reported in terms of flexion/extension and varus/valgus. In addition, the
distance from the plane of the tool to the most distal point of the medial and lateral condyles is
computed and reported as a measure of depth of resection. The plane jig tool is used to take this
measurement.

PosteriorCuttingGuide: determines the orientation of the femoral 4-in-one cutting guide (used to make
the posterior cut of the condyles) relative to the femoral anatomical axis. Orientation of the guide is
reported in terms of flexion/extension and internal/external rotation. The plane jig tool is used to take
this measurement.
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PosteriorCut: determines the orientation of the posterior condylar cut relative to the femoral
anatomical axis. Orientation of the cut is reported in terms of flexion/extension and internal/external
rotation. Additionally, the distance from the plane of the tool to the most posterior point of the medial
and lateral condyles is computed and reported as a measure of the depth of resection. The plane jig tool
is used to take this measurement.

TibiaCuttingGuide: determines the orientation of the tibial cutting guide relative to the tibial anatomical
axis. Orientation of the guide is reported in terms of flexion/extension and varus/valgus. The plane jig
tool is used to take this measurement.

TibiaCut: determines the orientation of the tibial cut relative to the tibial anatomical axis. Orientation of
the cut is reported in terms of flexion/extension and varus/valgus. Additionally, the distance from the
plane of the tool to the tibial plateau is computed and reported as the depth of resection. The plane jig
tool is used to take this measurement.

TibialComponentPlacement: determines the internal/external rotational orientation of the tibial
component. The plane jig is used to take this measurement.

PostOpAlignment: This preference file displays a message that a neutral alignment recording will be
performed. After the recording the bones are displayed with the femoral and tibial components.

PostOpROM: This preference file displays a biofeedback window with flexion angle and rotation angle
graphs. Trial will terminate after maximum flexion is reached and the knee joint is returned to less than
15 degrees of flexion. Playback is automatic with flexion/extension and varus/valgus graphs together
with rollback information.

ImplantLaxity00, 30, 60, 90: The purpose of these files is to collect displacement information about the
joint when a specified toque is applied. Displacement indicates how tight or lax the joint is prior to
surgical intervention. This preference file will take the surgeon through a series of trials in which the
shank is flexed to specific angles (full extension, 30°, 60° and 90°). First internal and external rotation
tests are performed with a 5 Nm applied torque, then varus and valugus tests at 10 Nm of applied
torque. The user is provided a visual and auditory signal indicating when the proper combination of
flexion and torque is achieved and the trial ends automatically when the appropriate conditions are met.
Rotational displacement at target torque is the output.
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Appendix C - Sample Report



Surgeon

SAB

Surgical Station
Date

Charles

Sawbone?2

4

10/2/2009

PreQOperative Limb Alignment

Flexion Angle (°)
Rotation (Ext+/Int-)

07 ° Angulation (Valgus+/Varus-)

6.7 ° Posterior Tibial Slope

-8.9 °

5.0

o

o1
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Alignment Accuracy

Femoral Component:
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-11.9

IM Rod Ant/Post Deviation

0.35°

IM Rod Med/Lat Deviation

-1.30 °
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Femoral Distal Cutting Block Femoral AP Cutting Block
Accuracy Accuracy

Actual Cut
= Block Alignment

Actual Cut
® Block Alignment

degrees of flexion

internal external

Sagittal Plane Dev from Target (°)
Sagittal Plane Dev from Target (°)

12 1
6 12 -12 -6 0 6 12

Frontal Plane Dev from Target (°) Transverse Plane Dev from Target (°)

Femoral Distal Cut Accuracy Femoral A/P Cut Accuracy
Targets Relative Guide Alignment| Targets Relative Guide Alignment|
|Flexion 0.0 ° 20 |Fiexion 0.0 ° 0.7 °
Valgus Angulation 5.0 ° 2.9 ° (varus) External Rotation 3.0° 2.3 ° (external)
Targets  Relative Cut Alignment Targets  Relative Cut Alignment
|Flexion 0.0 ° -21° |Fiexion 0.0 ° -2.4 °
Valgus Angulation 5.0 ° 1.6 © (varus) External Rotation 3.0° 1.9 ©  (external)




Lateral

Distal Cut: 74
Posterior Cut: 8.2

A
Y

Femoral Resection

Lateral (mm)

Distal Cut
= Posterior Cut

8
Medial (mm)

Resection (mm) Lateral Medial
Distal Cut 7.4 9.4
Posterior Cut 8.2 10.2

Tibial Preparation

Targets Relative Guide Alignment

Posterior Slope 5.0° 2.5° (anterior)
Varus Angulation 0.0° 1.1°  (varus)
Relative Cut Alignment
Posterior Slope 5.0° 4.1° (anterior)
Varus Angulation 0.0° 0.6 ° (varus)
Actual Cut
External Rotation 0.0° 7.7 °  (external)
Resection (mm) Lateral Medial

Tibial Cut 10.0 7.2

55



PostOperative Limb Alignment

Absolute Change

Flexion Angle (°) -3.0° -3.7°
Rotation (Ext+/Int-) -04° -71°
Angulation (Valgus+/Varus-) 51° 3.8 °
Tibial Slope 0.9 ° -4.1°
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Appendix D - Supporting Instrumentation Developed and Fabricated In-

House

Interchangeable Flag System

A flag system (base to attach reflective markers) was needed to track the three dimensional positioning
of measurement tools, bones and prosthetic implants during surgical training sessions. Several criteria
needed to be met in terms of marker array flags used for tracking: (a) that marker arrays be rigidly
attached, (b) there needed to exist at least 19 unique flag array combinations with sufficient variability
so as to be recognized as unique by the camera system, (c) a marker array needed to consist of no less

than 3 markers with no camera system limitation for the maximum, (d) the marker array needed to be
sufficiently small as to not interfere with the surgery and (e) the marker array base needed to have
dimension (i.e. not be a flat surface). Markers attach to rigid posts which interface with the threaded
holes in the base. Figure D.1 illustrates the CAD and physical models of the interchangeable flag system.
The flag was fabricated with a CNC vertical machining center (HAAS, Oxnard, CA).

Figure D.1. Interchangeable flag system (A) CAD model (B) physical model

Detachable Mounting Plates for Cadaveric Flags and Sawbone Models
The detachable mounting plates were designed to meet the challenge of storing and performing CT
scans of the specimens prior to the training sessions. To ensure accuracy, there could exist no deviation

in the position of the marker flag array between the time of specimen CT and the surgical training
session. Additionally, the markers themselves had to be removed prior to freezing the specimen after
the CT was performed. A system was created to allow the marker array flag to detach from the bone
with the ability to reattach the flag in the same position for the surgical trial. The system consists of a
bone plate which is rigidly attached to the bone or sawbone (Figure D.2 (A)). The universal flag mates to
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a post that mates to the bone plate (Figure D.2 (B) and (C)). The bone plates were fabricated with a CNC
milling machine.

Dl kSRR AL

Figure D.2. Detachable mounting system: (A) bone plate, (B) bone plate, post and universal flag CAD model and (C)
physical model with reflective markers attached.

Positional Tracking Tools

Two positional tools, the plane jig and intramedullary (IM) rod, were designed and fabricated on the
CNC vertical machining center (HAAS, Oxnard, CA) to track and determine the position/orientation of
the surgical cuts, surgical instrument placement and implant component placement. The plane jig
(Figure 2.3) has two faces (planes) available for measurement. Either plane can be used to take any
measurement. The plane jig has an assigned coordinate system in the software so the appropriate
measurement is computed by determining the plane jig position with respect to anatomical landmarks
defined by the software. The IM rod (Figure 2.4) is the positional tool used to locate the position of the
drilled canal on the femur to allow the insertion of the surgical IM Rod (Figure 2.5). The IM rod, like the
plane jig, has an assigned coordinate system in the software so that the appropriate measurement is
computed by determining the IM rod orientation relative to femoral landmarks defined by the software.
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Figure 2.3. Plane jig positional measurement tool: (A) CAD model and (B) physical model with marker flag
attached.

Figure 2.4. IM rod positional measurement tool: (A) CAD model and (B) physical model with marker flag attached.

—

Figure 2.5 Surgical IM Rod.
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Appendix E - Zimmer Nex-Gen Surgical Technique

@

Zimmer® MIS
Multi-Reference’
4-in-1 Femoral
Instrumentation

Surgical Technique

For NexGen® Cruciate Retaining &
NexGen Legacy™ Posterior Stabilized Knees

(@) 2ammer







imer MIS Multi-Reference &-in-1 Femoral Instrumentation Surgical Technigue

Surgical Technique

For MIS Multi-Reference
4-in-1 Femoral
Instrumentation

Table of Contents

Abbreviated Surgical Technique
Introduction

Preoperative Planning

Surgical Approach

Patient Preparation

Incision and Exposure

MIS Midvastus Approach
MIS Subvastus Approach
MIS Medial Parapatellar Arthrotomy

Surgical Technique

Establish Femoral Alignment
Cut the Distal Femur
Size Femur & Establish External Rotation
Finish the Femur
Anterior Relerencing Technlgue
Posterior Referencing Technigue

MIS Noteh/Chamfer Trochlear Gulds
MIS 05 Notch Guide

Resect Proximal Tibia
Check Flexion {Extension Gaps
Prepare the Patella
HResect the Patella
Finish the Patella
Patella Protectors
Perform a Trial Reduction
Tibial Pesition basad an Anatomic Landmarks

Perform a Trial Reduction
Implant Components
Close Incision

Appendix 1

10
12
13

15

15
17
1%
21

22
27

28

9
1
32

a3
£

35
7
41
a2

62



fimmer MIS Mulli-Relerence & im-1 Fermoral Instrumentation Swrgical Technigue

Insert and Secure
Mini Distal Femoral
Cutting Guide

Drill 8mm Pilot Hole

Set External Rotation
(Posterior Referencing)

Set External Rotation
(Anterior Referencing)
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Cut Distal Femur Size the Femur

L

Place Femoral Finishing

Guide; Adjust M/L & Pin
(Anterior Referencing)

Finish the Femur

1. Anterior condyles
2. Posterior condyles
3. Posterior chamfer
4. Anterior chamfers




Zimmer MIS Mult

Introduction

Successiul total knee arthmoplasty
depends in part on re-establishment
of normal lower extremity allgnment,
proper implant design and orentation,
sescure implant fixation, and adeguate
salt tissue balancing and stability, The
Nexhen Complete Knea Salution and
Mudtl-Refesence 4-1n-1 Instnements
are designed o help the surgeon
accomplish These goals by combining
optimal alignment accuracy with a
simyulie, \I,r:_ilg!i‘l Tovrvedred Techendcpun.

The instruments and tec hinkgue
assist the surgeon in restoring the
center of the hip, knes, and ankle to
lie on a straight Line, establishing a
neutral mechanical axis. The femoral
and fibial componenis are ofenfed
perpendicular to this axis. Femoral
rofation is determined using the
pasterior condyles of eplcondylar
axis as a reference, The instruments
pramode accurate cuts to help ensure
secure component fixation. Ample
compeaien] sizes allow sall thaiie
balancing with appropriate soll tissue
relpase,

The Femur, tibla, and patells are
prepared independently, and can be
cul in any sequence using the principle
of measyred resection fremoving
encugh hone 1o sllow replacement

by ther prosthesis), .I"||1| wsirment Cuts
may be neaded Eater,

The M- Reference & In instruments
provide a cholee of sither anterior or
posterior referencing techniques for
making the Termaral Nshing culs,
The anterior referencing lechnigue
wses the anterkor corfex o sel the .ﬂ"l'l-'
position of the femoral component.
The pasterior condyle cul |s variabla
The posterior referencing technigue
uses the posterior condyles to set

The AP position of the Teme sl
companent. The variable cut is made
anteriorky.

The Mini-Incision TKA lechnique

has been developed o combine

The alignment goals of tolal knee
arthroplasly with less disruplion of
soft tissue. To accommodate this
technigue, some of the ||r|r_i||¢|l Mulr
Reference &-In-1 Instruments have
been modified. However, if preferred,
astandard Inclslon can be used with
the instruments. Prior lo using a
sinialler el slon, thie surgron sbucsiald
e familiar with Implanting Nestien
ompanents throug b a standard
ISR,

Total knee arthroplasty using a less
invasive lechnigue is suggested lor
nonobese patients with preaperative
flexion greater than 0%, Patients with
warus deformities greater than 17° or
valgus deformities greater than 13*
are typically not candidates for an
MIS technigue.

Please refer to the package inserts

for complete product information,
Including contralndication s, warnings,
precadtions, and adverse ofTects,
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Preoperative Planning

Use the templale overlay (available
though your Zimmer Representative)
1o detemming the angle between the
anatomic ads and the mechanical
i, This angle will be reproduced
Iintraoperatively. This surgical tedhnigu e
helps the surgeon ensure that the
afistal Bemur will b cil perpend ciobar
to the mechanical axis and, after sof
tissue balancing, will be parallel o the
resected surface ol the proximal tisa.

Surgical Approach

The Vermiar, tibka, and patella ane
prepared independently, and can be
out In any seguence using the princple
of measured resection [removdng
enough bone o allow replacement

bw the prosthesis). Adjustment culs
may be needed later.

= nanical Aus

Trars ver i Ais -
il
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Patient Preparation

To prepare the limb for M5 total
knea athroplasty, adequate muscla
relaxation is required. This may b
accomplished with a short-acting,
mravdepolarizing nwescle relaxant, The
anesthesiologist should adjust the
medication based on the patient’s
habitus and weight, and administer
o induce adequate muscle paralysis
fior a minimum of 30-90 minutes. Itis
Imperative that the muscle relaxant
be injected prios e inflation of the
toumiquat, Alternatively, spinal or
epidural anesthesia should produce
adequate musde relagation,

¥ desired, apply a proximal thigh
toumiguet and inflate it with the knee
in hypedlexion Lo maxmize thal
paation of the quadriceps that is below
the level of the tourniguet.

Once the patient is draped and prepped
o the operating table, detemmine the
Larwd mearks for the surgical indsion with
the beg in extensien.

Incision and Exposure

The incision may be made with the

leg in extension of Mexdon depending
on sargeon preference. The surgeon
can cheosa a midvastus approadh, a
sUBVAastus approadh, o a parapatellar
medial arthratomy. Also, depending on
surgesn prelerence, the patella can be
cither everted or sublied.

The length of the ingsien is dependent
on the size of the femoral component
neseded. Although the goal of a MIS
tedhnique is to comglete the surgery
with an approximately 10cm-14an
ingision, it may be necessary to
extend tha incision if visualization is
inadequate o if eversien of the patella
Is not possible without sk of avulsion
al the tibial tubercle, [T the ind sion
must be extended, itis advisable to
extend it gradually and only to the
degres necessany, The advantage

of a #lS technique |s dependant

on maintaining the axtansar
machanism insertion,

ake a slightly abligue parapatedlar
skimincision, beginning approsmately
2em proxdmal and medial to the
supenor pole of the patella, and axend
it approgimately 100m ta the level of
the superior patellar tendon insertion at
thie center of the tibial tuberde (Fig. 1.
Be careful to aveid dismption of the
teqwdon insartion. This will Facilitate
acciess o the vastus medialis obligquis,
and allew a minimal split of the muscle,
Itwill also improve visualization of the
lateral aspact of the joint abliquely with
thie patella everad, The length of the
Inclsion should be about 50% above and
50% below the joint line. I the length
of the incision is not distributed evenly
relative to the joint ling, it is preferable
thiat the greater portion be distal.

nstrumen lation Surgical Technique

Dividhe the subCutanemes tissue [ the
lewel of the ratinaculum.

NOTE: Using eledrocawtery 1o
comphete the exposuns will help
minimize bleading alter deflation

of the tourniquet, as well as late musde
Heading.
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MIS Midvastus Approach

Baka a medial parapatalilar incision
into the capsule, presardng
approdmately 1em of peritenon and
capsila medial to the patellar tend on,
Thils is important Lo facilitate complete
caprsular diosure,

Spdit the superficlal emveloping
faseia of the guadriceps musde
percutangoisly in a procimal diredion
over i length of approdmately écm,
Thiis will mobilize the quadriceps

and allow Tor sigmificantly greater
Laveral trarestation of the muscle while
minimizing tension an the patelar
tendan insertion.

Sgdin the vastus madialis abliquis
approdmataly 1.5cm-2om (He. ).

Use blunt dissection o undermine tha
<kiin incision approxdmately 1om-2ecm
around the patella.

Sl ghtly Aeax the knes and emove the
deap third of the fat pad.

The patedla can be aither everted

of subluxed, If everting the patella,
release the laleral patellolemornal
Egament to facilitate full eversian
and lateral translaticn of the patella.
Then usa hand -hald theee-pronged or

two-pronged hooks 1o begin (o gently
evert the patella. Be careful 1o avold
dismpting the extamsor insarion.

T help evert the patella, shvedy Mex
the joint and exdarnally rotate the
tibwia while applying gentle pressure,
Oncethe patella | everted, use a
standard-size Hohmanm refrador of
two small Hohmann retractons along
the lateral Rare of the tilsial metaphysis
to maintain the sersion of the patolla
and the exensor mechanism.

MOTE: It is imperaiive to mainiain
dosa observation of the patallar
tendon throughout the procadure 1o
eresure that tension on the tendon is
minimized, especlally during eversion
af the patella and positioning of the
patient.

Romaove any largs patellar osteaphnytos.

Redeasethe anterdor oudate ligament,
if present. Perform a sulbporiostaal
dissection along the prosdmal medial
amvdl lavaral tibia to the level of tha
tibia tendan inseion. Then parform
a limited release of the lateral capswla
lexss than Semm 1o el p minimize
temsion on the axtensor machanksm,
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MIS Subvastus Approach

The subwastus medial arthrotomy

has been slightly medified to optimize
minimally invasive sungery, It provides
e llent exposure for TEA while
preserving all four attachments of

the quadriceps to the patella. This
apgproach does nod require patellar
eversion, minimizes disruption of the
apprapatellar pouch, and lacilitates
rapid and reliabbe closure of the

kneea joint.

MHssect the submtaneous tssue down
1 bt met through the fasda that
wepdies the vastus madialis muscla,

kentify the inferor border of the vastus
medialis muscle, and incise the fascia
at appraxdmately 5om to 8om medial

1o the patellar border (Fig. 33 o #llow

a fimger to slide undar the musde bally
East on top of the underlying synavial
ining of the knes jEnt. Use the finger
to pull the vastus medialis obliguis
miuscle superiory and maintain slight
tension on the muscla.

Use electrocauteny to free the vashes
medialis from its confluence with the
medial refinaculum, leaving a small
uiff of myofasclal tissue attadhed to the
mferior border of the vastus medialis.

The tendonous portion of the vasius
medialis extends distally to insert

at the midpole of the medial border
of the patalla. Be careful to preserve
that portion of the wenden o protact
the vastus medialis muscle during
subsequent steps. An indsion along
the inferor border of the vastus
medlalis ta the superior pale of the
patella will resudl in a tear, split, o
maceration of the musde by retractors.
Incise the undedying synoviumin a
slightly more proximal position than
I typdcal with a standard subvasius
apgriach. This will allow a twio-layer
dosure of the joint. The deep layer will

b the synovium, while the superfidal
layer will be the medial retinaculum
amd the miyofascial sleeve of lissue that
has been left attached 1o the inferior
barder of the vastus medialis.

Camy the synovial ingision to the
medial border of the patella. Then tum
directly inferiorly 1o follow the meadial
barder of the patellar tendon to the
proxmal portion of the tibia Elevata
thie medial soft tissue slesae along the
prozdmal tibla in a standard fashion

Place a bent-Hohmann retractor in

thie lateral gulter and Lever it against
thi robust edge of the tendon that

has been preserved just medial and
supeiia b the patella. Retract the
patella and extensor mechanism

Into the lateral gutter. If necessary,
mehiliza tha vastus medialis either
fram its underying attachment 1o the
symirvium and adductor canal, or at its.
supeior surface when there ane finm
attachments of the overlying fasda to
the subcutaneous lissues and skin,
Depending on surgeon praforence, the
fat pad can be axdsed or presened.

Fexthe knea. The patella will stay
redracted in the latesal guiter behind
thie bent-Hohmann retractor, and the
quadriceps tendon and vastus medialis
will e over the distal anterior pomion
of the femur. To imgrove visualization
of the distal anteror petion of the
femur, place a thin knee retractor along
the anterior lemur and gently Lilt tha
extensar mechanism during itical
steps of the procedure. Altarnatively,
bring the knee inte varying degrees of
extenslon to improve visualization by
decraasing the Lension on the extensor
mechanism.
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MIS Medial Parapatellar
Arthrotomy

Minimally invasive total knee
arthroplasty can be performed

with a limited medial parapatellar
arthratomy. Begin by making a 10cm
14 cm midline skin incksion from the
superior aspect of the tiblal tubercle
to the superior border of the patella.
Following subcuaneous dissaction,
develop madial and lateral flaps,

and dissect proximally and distally

10 expE s the extenser medvanism,
This permits mokdliz ation of the skin
and subcutaneoas lissue as neadad
during the procedure, In addition, with
the knee in flexion, the incision will
stratch 2om-dam dueto the elasticity
of the skin, allowing broader exposura.

Tha goal of minimally invasive sirgery
s 1o limit the surgical dissection
without Compromising the procedure,
The medial parapatellar arthrotomy

is used 1o expose the joint, but the
proxcimal division of the quadriceps
tenden should be limited 1o a length
that permits only lateral subluxation
of the patella without eversion (Fig.

4. Incise the guadriceps tendon for
alength of Jem-dcm initially, I thera
s difficulty displacing the patelia
Laterally or if the patallar tendon is
risk al tearing, extend the artheotomy
proximally along the quadrices
tendon until adequate cxposurs

s achieved, Fig- 4
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Step One
Establish Femoral
Alignment

Use the Bmm i Drill w)Step to dill a
hile in the center of the patedlar sulcus
of the distal femas (Fig. 14), making
=awre that the drill |s paralled to the
shialt of the laias in bith the
anteropasterior and lateral projections.
The hale should be approcimately
one-half to one centimeter antarion

to the origin of the posterlor

cruciate ligament. Medial o lataral
displacement of the hole may be
neadad according o precperative
temiplating of the A&/P radicgrapi,

Hg. 1a

The step an the drill will enlarge the
entrance hole on the femur Lo 12 mam.

This will reduce intramaedullary pressurg

dhwring placement of subsequeant M
guides. Sudion the canal to remove
medullary cantents.

The bini Adjustable b Alignment
Guide is available with two
intramedullary rod lengths. The rod

o the stand ard instrument is 22 9mm
{%inches} long and the rod on the
ahart imstrument is 165mm (6.5
inchesh. Choose the length best suited
1o the length of the patient®s leg,

which will provide the mest acourate
reproduction of the anatomic axs. If
thie femoral anat oy has been altened,
as Ima femur with a lng-stemmed hip
prosthesis or with a femoral fractura
mialunion, use the Adjustable i
Alignment Guide, Short and usa the
opticnal extramedullary alignment
technique.

ROTE: The Mini Adjustabde I
Alignment Guide, Short (Fig, 1b)

Is a shortenad version of the Mini
Adiustable 1M Alignment Guide, Long.
when the Minl Standard Cut Plate is
attached Lo the Mini Adjustabde 1
Alignment Guide, Short, the same
amount of bone s removed as when it
is attached to the Min Adiustable I
Alignment Guide, Long. This is different
thias the original Madii-Relerence 4 in
1, Wicro 8 Alignment Guide 165mm
(6.5 imch) whidh was intended for
usewith Micre implants, Whn the
Standard Cut Plate was attached, the
Ficra Ib Aligniment Guide removad
one millimeter less distal bone than

the standard Adjustable I Alignment
Guide with the Standard Cut Flate
attached. The new ddni I Allgnment
Guides accommadate the resadion for
thie Ficro implants with the Mini Micro
Cut Plate,

Fig. ib

HOTE: It is preferabde to use the longest
intramedullary rod (o help ansurs

thie most accurate replication of the
anatomic axis.
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Zat the Mini Adjustable 1M Allgnment
Guide to the proper valgus angle

as determined by preoperative
radiagraphs. Chedk 1o envsura that the
proper “Right™ or “Left ™ indication
{Fig. 1¢) is used and engage thelodk
mechanism (Fig. 14
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The Standard Cut Plate must be
attached to the Adjustable IM
Alignmant Guide for a standard distal
femaral resactlon. Use a hex-head
screwdriver Lo tighten the plate an
the guide prior to use (Figs. 1e & 1f),
bt the saraws should bealoasened
fior sterilization. If preferred, remove
the Standard Cut Plate if a significant
flexion contrachure exists. This wall
allow for an additienal 3mm of distal
femoral bng resection,

ROTE: The iini Microe Cut Plate can be
used when templating has indicated
thiat a ddicre implant is likely. Wien
thie Mini Micro Cut Plate is attached

Lo thia WIS Adjustable [M Alignment
Garide, Short, one millimeter (1mm)
less bone is remaved. However, if a
sigmificant flexion contraciune exists
and no plate is attached, an additional
fman will be remaved compared to the
distal femoral cut when the Mini siore
Cut Plate is attached. For less bone
resection, adjustments can be made
using the +2mm,-2mm helas an the
Fiini Distal Cut Guide.,

Insert the 1k guide inte the hele in
the distal famur. If the epicondylas
are visible, the epicondylar axs

may b used as a guidein setting
the arientation af the Adjustable i
Aligmment Guide. IF desired, add the
Threaded Handlas ta the guide and
pasition the handles relative to the
epicondyles. This does not sat rotation
ol the lemaoral componant, bul keeps
the distal cut erentad to the final
compaent rotation.

Once the proper orientatien is
achieved, iImpact the I guide until it
seals o the most prominent condyla,
After impacting, check to ensure that
the vakgus setting has not changed.
Ensure that the guide is contading a
least one distal condyle. This will set
the proper distal lemoral rasection.

Optional Technigue: An Extramedullary
Alignment Arch and Alignment Rod cam
b wsed to confirm the allgnment. Iif
thiis is anticipated, idemify the conter
af the femaral head before draping. IF
axtramedullary alignmeant will be the
only mede of alignment, use a palpable
radiopagque marker in combination with
an AP x-ray filn o help ensure proper
location of the femaral head.
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Step Two
Cut the Distal Femur

‘Whila the Adjwst able 18 Alignmeant
Guide is being inserted by the surgean,
the scrub nurse should attach the Mind
Drstal Femoral Cutting Guide Lo e 0°
Distal Placement Guide (Fg. Ja).

Emsure that the attachment screw

is tight. Insen the Distal Placement
sde with the cutting guide into the
Addjusstabile 1M Alignment Guide until
the cutting guide rests on the antesior
femioral cortex (Fig. 2bi. The Mini Distal
Femoral Cutting Gulde is designed 1o
hedp aveld soft tissue Impingement,

Ag. 3%

Optional Tachnique: The 3° Dista
Macement Guide can be used to place
the BAini Distal Femiodal Cutting Gulde
in 3" of flexion to protect the anterior
cortex rom notding.

Using the 3. 2mm drill bit, drill holes
therough the two standard pin holes
marked =07 in e anterion sudace al
the Mini Distal Femoral Cullting Gasde,
amd place Headless Halding Fins.
theough the holes (Fig. 2c).

F

Additional 2mm adiustments may be
made by using the sets o holes marked
A, -2, +2, and +4. The markings onthe
cutting guide indicate, in millimeters,
the amount of bone resection eady

will yield relative to the standard distal
resection st by the Adiustable Ik
Alignment Guide and Standard

Cut Plate.

If more fixation is needed, use two

3. 2mun Headed Sorews or predrill and
Insert two Hex-head Holding Pins in the
sivuall oldlicpiie hioles o the Mim Distal
Femoral Cutting Guide, ar Silver Spring
Pires may b used in the large oblique
holes (Fig. 2d).

The M guide can be lelt in place
resection of the distal condyle, laking
care 1o aveld hitting the 1M rod when
using the osdllating saw,

Completely loosen the stachment
scressy (Fhg. el inthe Distal Placement
Guide. Then use the Slaphammer
Extractor to remove the [k guide and
thee Distal Placement Guide (R 20,

“\'.

Cut the distal Termur throu gh the
auiting slod in the cutting guide using
a L2ymm (0.050-in.) oscllating saw
blade (Fig. 28, Then remove the
autting guide.

Ched the flatness of the distal femoral
curt with a fMat surface, If necessary,
modify the distal femodal surface
sovthat it Is completely flat. Thisis
extremely important for the placement
af subsequent guides and for proper
fir o the imgalant,

Fig. 28 \r—-

IFyou prefer to complete tibial cuts
prior to completing the femur, refer
to page 22
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Step Three
Size Femur and Establish
External Rotation

Flexthe knee 1o 907, Attach the dIS
Threaded Handle to the Mini AP Sizing
Guide, and place the guide Mat onto
the smaothly cut distal fermur (Fig. 3a).
Agply the guide so that the flat surface
of the Mini AP Sizing Guide is Mush
againsi the resected surface of the
distal fermur and the feet of the Mini
AfP Sizing Guide are flush against the
posterior condyles.

Fig. 3a

Hide the bady of the Minl A/P Sizing
Guide along the shafi to the level of
the medullary canal. Position the gulde
mediolaterally, and chedk the position
By loaking throwgh bath windows of
the guide to ensurethat the medullary
camal is nit visitbe thraugh either,

NOTE: Remowe any esteophyies that
interfere with instrument positioning.

‘while halding the #ini AP Sizing
Guide in place, secure the guide to
the resected distal femur using short
3.2mm (1/8inch) Headed Screws or
predrill and insert shor head Holding
Fins into one of both of the holes in
the bywer portion of the guide. Do not
eertighten or the anterior portion will
i slide on the distal femur.

RS Screws are available in 3 lengths
[2Fmm, 33mm, 4 8mm}). The length
neseded will vary depending on the
patient’s bone dimensisns.

NOTE: Remawe the Threaded
Handdle before using the Screw
Inserter'Extractor,

Slightly extend the knee and retract
soft tissues to expose the anterior
femoral cortex. Clear any saft tissue
framm the anterior Cortes, Ensure that
the leg is in less than 207 of Aexion
(FOP-B0P), This will decrease thi
temsion of the patellar tendon to
fagiliate placement of the guide.

Attach the #ils Locking Becm t the
i A/P Sizing Guide. Ensure that the
skin does not put pressure on the top
of thee boom and petentially changs
its position. The position of the bamm
dictates the exit point of the anterior
bane cut and the ultimate position

of thee femnral component. When the
boom Is appropriately positioned, lock

= It vy turming the knuded knob (Fig. 3h).

Fiz. 3b

See Appendix 1 for alternative MIS
Telescaping Locking Boom technigue,

Read the femaral size dinectly From
the gulde between the engraved lines.
an the sizing tower (Fig, 30, Ther are
aight sizes labeled A through “H™. If
the indicator is betwaon wo sizes, the
dosest size is ypically chosen, Ifusing
a postenior referendng technique, and
the indicator is betwaon two sizes,

the larger size is typically chosen to
help presrent natching of the anterior
femaral cortex

fig. 3t

(¥4
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W using a posterior referencing
technique, remove the Mini AP Sizing
Guide and o 1o page 19, “51ep Fowr -
Finish the Femar, Posterior Referancing
Technique.”

There are four External Rotation Plates:
i 3* Left, 073" Right, 5°/ 7" Left,

and 577" Right, Choose the Extenmal
Bodation Plate that provides the desirad
wtarnal rotation tor the appropriate
Enee, The 0° option can be used when
positicning will be detemmined by the
AfP axis or the epicondylar axis, Use
the 3* option for vanss knees. Use

the 5% option lor kneas with avalgus
dedformity from 10¢ to 13°, The 7°
afation requires a standard exposure,
and is for knees with patellofemosal
disease accompanied by bone loss and
walgus deformity greater than 20°, In
this case, use the AP axds o doubie
aheck rotation.

Attach the selected plate to the FHini
AP Sizing Guide (Fig. 3dh. Place two
Headless Holding Fins in the plate
through the two holes that corres pond
Lo tha desired extemal rotation, and
impact theam (Fig. 3e). Leave the pins
proud of the guida.

NOTE: Do not impaa the Headlass
Halding Pins flush with tha Exdernal
Rotation Mate.

Fig. 3e

nstrumen lation Surgical Technique

Canefill attention should e taken when
placing the headless pins inta the
appeopriate Exernal Rotation Plate as
thase pins also set the &/F placement
for the WIS Fermoral Finishing Guida

in the nest step of the procedure. ITis
important to manitor the location of the
anterion e m on the anteror cormes of
the femar to halp ensure the anterior
cul will ned noetch the Tamuor, Positioning
the anterior boem on the =high™ part

af tha feamur by Lateralizing the location
of the beem can often lessen the
likedIhaod of natdhing the Femur.

Unback and rotata the beom of the
auide madially until it clears the maedal
condyle. Then remowe the guide, but
leave the two headless pins, Thase
pins will establish the AP position and
rotational alignment of the Femaral
Finishing Guide,
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Step Four when tha B /L position of the Femarsl Rmevie thia haadbiss pns from the
Hnish the Femur Finkshing Guide s sdl, use the Soey Femaoral Finishing Guide (Fig. 4c) with

Inserter/Extractor 1o insert 4 3.2mm the Headless Fin Puller,

Heded hr:mrur. pradrill andi Usg the Resedion Galde through the
Anterlor Referencl ng Technique 4 Hex:head Holding Pin through the

anterior cutting slot of the finishing
Sedect the comect size MIS Famoral supedior pinhole on the beveled medial
2 sicle:of the guide (Rg. AL, Then i guide, and chack the medial and lateral

sl o b the liteal e inthe samamannecyy 900510 bR st the cut wl ot
IS Flex Femoral Finishing Guide ¥ ; the anderior femoral comex (Fig. Ad),
igold coloreds as determined by nesded, predill and insert fwo Shor-
the measurement from the AP head Holding Pires through the infaior
Sizing Guide. An additicnal 2mm holes on ane or bath sides of the guide.
{approcimately) of bone is removed For additional stabllity, use &.5mm
from the pasterior condyles when scrows in the peg holes,
using the Flex Findshing Guide.

Face the finishing guide onto the
diistal lemur, over the headless pins
Fig. fay. This determines the AP
positicn and rotation af the gulde.
Remove any lataral osteophyies
that may interfere with guide
placemant. Positian the Min g
guidemaediclaterally by sliding it on
the headless pins, The width of the
finishing guide replicates the width
of the Mexten CR Femoral Component.
Thee wiiddth of the (lex linishing guide
raplicatos the width of the NextGen
LPS, UPS-Hlex, and CR-Flax

Femoral Companents.

o
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Optional Technigues Ui 1,2 From (0,05 0-i,) namow, Use the 1, Z7mim (0,05040.) narrow,
s etatk e Lieanen aftha antedii oscillating saw blade to cut the lemoral reciprocating saw blade to cut the

= profile in the following sequaence for base of the trochlaar recess (Fig. 4i)
ol and determine il natching will
ocriik: secuely tidhviei the Lodking optimal stabdlity of the inishing gelde ared scome the edges (g 4. Remove
Boom Attachment to the face of the (Rig. 42 ::::m:ir:;?:::: ERp
finishing gulde. Make cortain that the 1 Antedor conddes

attachment sits Aush with the Femoral

Finishing Guide (Fig. 4e). Connect the 2 mstertor contyles
45 Locking Boom ta the attadmant 1 Posterlor dhamfer
{Fig. 4. The boom indicates the depth
at which thie antesior femaral cut will
el the femur.

i Antedor Chamfiers

Use the Patellar/ Femoral Drill Bit to drll
thie past hisles (Fg. 4hk




Firrmrer IS M ulli- Beferen

Posterior Referancing Techniqus
Select the correct size MIS Femaral
Finishing Guide {silver colored) o
BAIS Flex Femoral Finishing Guide
{godd colored) as determined by
thie measurement rom the AP
Sizing Guide, An additional 2mm
{approximatel vl of bone is removed
from the posterior condyles when
wsing the Hex Tinishing guide.

Attachihe Posterior Relerence/
Rodation Guide to the selected
femoral Finishing guide (Fig. 4k). Lock
the femoral pasition lecator on the
roation guide to the zero position (Fig.
4lb. This zero setting helps o ensure
that, when the feet are flush with the
posterier condydes, the amount of
posterior bone resection will average
Smm when using the standard

IS Femoral Finkshing Guides, and
approximatety 11mm when wsing the
IS Flex Femoral Finishing Guldes.

o &-in-1 Femosa

msirarre nlalion

Place the linishing guide an the distal
Temur, bringing the feet of the rotation
guide Nush against the posterior
condyles of the femur (Fig. 4mi.

g o

F.'\_f &M

5ot the rotation of the finishing

guide parallel to the eplcondylar
ads, Check the rotation of the guide
by reading the angle indicated by

the Posterior Relerence/Rotation
Guide. The epicondylar line is rotated
extermally 0° to 8%, (4247), relative o
the posterion condyles. The external
rolation angle can alsa be set relative

to the posterior condlles, lining up the

degrees desired,

I desired, atach the IS Locking
Boom ta the face of the finishing guide
1o chieck the location of the anterior
ol and determine il notching will
aceur fFig. &nd. The boam tip indicates
where the anterion femoral cub will exit
the bone,

Remove any lateral ostesphytes

that may interfere with guide
placement, Position the finishing
guide mediclaterally, The width of the
finishing guide replicates the widih of
the Mexizen CR Femoral Component.
The width of the Flex Tinishing guide
repdicates the width of the MexGen
LPS, LPS-Flex, and CR-Fex Femoral
COompoents,
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When the propes rotation and the
mediclateral and anteropostenar
position are achieved, seoure lhe
finlshimg guide 1o tha distal Tema. Use
the Scrw Inserter/Exiractor (o inderl
a 3. 2mm Headed Screw or predrill and
msert a Hexhaad Holding Pin through
the superior pinfie on the bevelad
medial side of the Femoral Finlshing
Guide (Fig. 4ok, Then secure the
ateral side in the same mannar. For
additional stability, predrill and insert
two Short-head Holding Pins through
the inferior holes on one or both sides
of the guide.

i-in-1 Feman

L @ 1.2 Ty (0,05 C-in,) namow,
oscillating saw blade to cut the lemoral
profilein the following sequande for
optimal stabdlity of the inishing gelde
(Fg. 4pi:

1 Antedor conddes
2 Posterior condyles
1 Postarlior dhamfer

A Antedor Chamifers

Use the Patellar/Femosal Deill Bit to dell
the past holes (FRg. 44qk.

79

Ui the 1, 2Fmm (0L.050-in.) narmo,
reciprocating saw blade to cut the
base of the trochlear recess (Fig. 4n
ared scome the edges (Mg 455 Remove
thee findshing guide 10 complate the
frochiear eoess s,
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Option 1 Mate: The distal mediclate ral profile Wsg 4 reciprocating sas to out the
mis Hot:hﬂ:hamfer of the MIS Netch /Chamfer Guides, sides and base of the interconddar box
Trochlear Guide ante rlor to the tabs, can be used to (Fig. &wh. Protect the tibia with a wide
position the guide referancing the astamome,
| condyle.
T Bal5 Motch (Chamfier Trochlear Rsral condyle
Guide consists of 2 pieces for each Insaat v short headed pins or shos

size, the MIS Notch fChamfer Guideand  screws through the anterior flange
the #iS Trochlear Guide. Matching sizes  of the guide to secure the guide in
st ke vsed, position (Fg. 4ul.

The MIS Motch {Chamfer Trochlear
Guide may be used to complete the
chamfer cuts, the trochlear groove, the
intercondylar box and to drill the peg
hdes alter the antedior and posterior

outs have besen made with the 815 Fig. aw C utthe sides and base of the
Femuoral Finishing Guide. ntercondylar bos
R s Use the Patellar/Femoral Drill ta dril

have been made, chack the flaxion
gap and the extension gap using the
WIS Spacer Block. Make the necessary t Note: Do not use the LPS-Flex Femur
adjustmeants. Pag Drill, size A, B with the MIS Notchy
F-g. &1 In=2 ta0 short headed pins or short Chlml'tr GU-HI P “““ i' fie HDIP an
5w thiough the anteror flaxge the guide for this smaller drill. IFusing

a micro size (A, B) LPS-Flax Femaral

- the femoral post holes,

Knea in slight flaxion

Fosition the aj ate size MlS

chnmmmﬁz anle the Knee In9a° flaxban Camponent, the femoral post holes
feamur sa it is flush against the Sacure tha MIS Motdh/ Chamfer Guide must h-a drilled when the anteriar and
resectad sufaces both distally and o thee femur distally with twe Shom pastirier candyle cuts are made using
antariorly, Ensure that ne soft tissue oe SpANg Screws or 3.2mm (1/8-Indh) e spppriake stoalMIS Ehx emarat
osteaphytes interfere with instrument headed screws. Allematively, insert two  TInishing Guide and the LPS-Flax
positioning. Pos#tion the guide headed pins (Fig. avh. Femur Peg Drill

mediolaterally (Fig. &1). Then use an sscillating saw ta cut the

anterior chamfer and the posterior
charnfes (Fg. ax).

\(ﬂ
Fiz, &v Sacure thie MIS Natch/Chamfer Gulde
tothe femur

A

Fig, ax Cut the amtedor and postenor
chamfirs

Fg. a4t Positian the MIS NotohfC hamfer

Guids Mush against the femer
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Apply the matching size #lS Trodhlear
Guide to the MIS Notch/Chamfer Guida
with the hioles in the Trechlear Guide
aligned with the threaded holes in the
Match fChamier Guide (Hg. 4+, Thraad
the #ils Threaded Handle through

one of tha threaded helas to secure
the Trochlear Guide 1o the IS Moo/
Thamfer Guide (Fg. 47

Ag. 4 oly the matching Sine MIS Trochkear
Gulde with the hales aligned

Ag. 41 MIS Trochlear Guide Secunid
MIS Motehy'C hamfir Gu ide

Protect the tibia, Use a reciprocating
=aw through the slots in the Trodhlear
Guide to ul the sides and base of the
trochlear groowe (Fig. §aa). Bemove

the Trachlear Guide, and inserl an
astegtame over the reseded tibial
anface below the trochlear groave.
Theem wse the redprocating saw 1o finish
the trochlear cuts.

Remove the IS Notch fChamifer Guide,

Fiz. daa Cuf the sides and bass
troe: bk ar g mcre

Using the MIS Notch/Chamfer
Guide to downsize the femur
IFtherais a need 1o downsize the
femur, the M5 Notch/Chamfer and
Trodhlear Guide can be used for

sizes TG Standard implants and the
Notch /Chamfer Gulde can be used for
all Nex sizes,

NOTE: Size A, B and H WIS Trochlear
Guides cannot be wsed for downsizing.

Select the preferred size Notch f
Chaiiar Guide and pin 1o the distal
Temur with e Short Spring Saews

or 3.2mm (1 /&indh) headed screws.
Ca&mm lengthy, Altarnatively, insar v
Hex Headed pins. Emnsure that the gulde
is seated on the antarior and distal
femur, Use a redprocating saw bo reot
thea sides of the intercondylar box Usa
an oscillating saw 1o reout the antesior
and posterior chamfers.

If davwansizing for a CR-Flex or LFS-Flex
implant, usethe posterior surface of
the MIS Match/Chamder Guide lor the
posterion cut. If downsizing for a CR

or LPS implant, use the IS Threaded
Hamdle to attach the matching size MIS
Trodhlear Guide to the Natch [Chamfer
Guide, and vse the posterior surface

of the #4415 Trochlear Guide for the
postarior cut.

Remove the kIS Trochlear and Maotch)
Chamfer Guides.

nstrumen lation Surgical Technique

Surgeon Motes & Tips

Although a sequence of femoral
cuts has baan provded, the cuts.
may be mada in any sequence, it

is recommended for the surgeon to
complete the cuts in a consistent
secjeence to helpy ensure that all
culs are performed. However, the
pegholes should be drlled priorto

assembling the MIS Trochlear Guida,

If the Wil Femoral Finishing Guide is
used, the flexion gap should equal
thi extension gap.

Ithe WIS Flex Femdasal Finishing
Guide is used, then the flexon gap
will be approdmately 2mm graater.
For a Fles implant, use an s
Spacer Blade with the MIS Spacer
Block Flex Adapes 1o check

flexion gap.

An ascillating saws with a namow
blade may also be used, ora
reciprecating blade may be used
to cut the sides and a chisal or
ostaateme used o o the basa of
the natch.

Reamember that the indsion can be
maved both medial-to-lateral and
superior-to-inferior as needed to
gain oplimal exposwne,

T fadilitata the use of the mobile
window, when resecting on the
medial side, use retraction on

thie medial side while relaxing

thi lateral side. Likewise, when
resecting on the lateral sida, use
retraction on the lateral side while
redaxing the medial side.
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Option 2
MIS QS Notch Guide

Position the appropriate size MIS Q5
Motch Guide onto the femmar 50 1 is
flush against the resected swrfaces
boaty distally and antesiory, The MIS
5 Notch Guide will nod contad the
antarior chamiar, Use the presiousdy
prepared trochlear recess and/or the
Tanaral post holes 1o position the MIS
5 Notch Guide mediolaterally,

Sercure the WIS Q5 Notch Guide 1o
the femur with beo 3.2 mm {1/ 8-indhi
Headed Serees or predrill and insest
twi 1.2mm (1) B-inchy Holding Pins
(Fig. 4bb). Use a reciprocating saw
to cut the sides and the base of the
Intercondylar notdh (Fg. 4cd. Then
remove the WilS 05 Morch Guide (Fig.
Addi.

21
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Step Five
Resect Proximal Tibia

Thiis step axplains the alignmeant of
the tibial cut o help ensure propes
posterior slope and rotation, and the
resection of the tibia perpendiodar
to the mechanical axds. The kIS Tiblal
O Guide Assembly is designed Lo
facilitate tikial preparation through a
shortar incision and without everting
the patella,

Instruments Used
MIS Tibial Cut Gulde Assembly

#AIS Tibial Cut Guide (Right or Lefty
#AlS Tubarcle Anchor [Right or Lefty
HAIS Tibial Adjpestable Rod
#AlS Distal Telescoping Rod
Ankla Clamp o1 Spring
Ankle Bar
Resection Guide
WIS Tiblal Depth Resection Stylus
Osteatame
Various retractors
Kecher clamp
Hex-head Screwdriver
DrlllyReamer
MIS Screw InserterfExtractor
MIS Scraws

83
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Assemble the Guide

The WIS Tibial Cut Guide Assemibly
consists of instruments for dght or left
(Fig. Sai.

» Tibial Cut Guide
» Tubercle Anchor
* M5 Tikdal Adjustable Rod

liblalCut Bulde

_Tubercle Anchor

* IS Distal Telescoping Rod
» Ankle Clamp or Sgring
* Ankle Bar

MIS Tibial
Adjustable Rod

MIS Distal
Talemcoping Rod

Fig. 52 MIS Tibkal Cut Gulde Assembly



Attach the Ankle Clamp or optional
Spring to the Ankle Bar. Then slide

e Ankle Bar amo the dovetall ot e
battoim of the MIS Distal Telescoping
Rod. Tum the knob opposite the dowetad
to temporarily hald the bar in place.

Arrows are elchied anta bath the MIES
Tibkal Adjustable Rod and the KIS
Distal Telescaping Rod 1o indicate the
correct arientation during assembly,
With the atrows aligned, inserl the MIS
Tibial Adjustable Rod Inta the Distal
Telescoping Rad (Fg. ). Adjust the
fength bo approsd meate the length of the
patient®s tibla and tem poarily tighten
the thumb screw al the proximal end of
the distal rod.

R 5b Arrows s owsdng comect aligrmenit

Attach the carrect right orlell Tubercle
Anchor anto the corresponding side of
the MIS Tibial Adjustable Bod. For a keft
knee, the lelt anchor is inserted into
the right hale {Fig. 5.

Fig

For a right knee, the dght anchaor |s
inserted inta the kel hole (Fig. 5d).

Fig, 5l

Bar sure that the elched line on the
slcbes af the Tuberele Anchor aligns with
the comresponding etched line on the
anterasuperor face af the Adjrstable
Rod {Fig. Se).

Rz 58

NOTE: The Tiblal Cut Guide and
Tubercle Anchar are svailable in lef
and rght configumations. If the incamect
Tubserc b= Anchor ks used, the Cut Guide
will nat fully retract into the Adjustable
Mod and the vanues /valgus angle of the
tibial cut may be allected,

Insert the comect right or left Tibial
Cul Garlehes into thie Adjustalle

Rod and ratate the thumb whes|
corunberelockwise until the thrswds
engage (Ag. 50.

Cantinue to mtate the thumb wheel
urdil ther guidhe is approximately midway
thoough its range of traved. This will
allow the depth of the tibial msection
o e v jurstech after thee assembly is
secured to the bone via the Tubexle
Anchor.
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Position the Guide
Flace the spring anms of the Ankle

Camp around the ankle proximal 1o the

malleali and loosen the anterior knoke
that provides mediclateral adjustment
at the ankle, If prefenred, the Ankle
Spring may be used instead of the
Ak be Clamp,

Lopsen the knob on the proximal end
of the Distal Telescoping Rod and
adjust the length of the guide il
the Tibial Cut Guide |s positionsd at
the approximate depth of cull, With
the Tibial Cut Guide and Tuberde
Anchor contacting the bone, mowe
the Tibial Cut Guide mediolaterally te
align tha rad with the madial third of
the tibial tubercle (Fig. Sg. This will
wsually place the proxdmal end of the
Sfjustable Rod $o0 iis centerad balow
the interconddar cminence, The Tibial
ot Guide will contact the tibla at an
obdique angle and the low-profile
potion of the autting head will fit
wnder the patallar tandon., The Tuberde
sachar is shaped to fit betweon the
patellar tendon and the base of the
outing head.

He. 5g

NOTE: Be sure that only the low-profile
portion of the cutting head exends
beneath the patellar tenden (Fig. Shi.

Fiz. &h

Whan comectly aligned, the istal
Telescoping Rod and Adjustable Rod
shoudd be parallel to the tibia inthe
coronal and sagittal planes. Ta help
avoid retational malalignment of the
o, check its position fram a direct
anterior view, ie, stand at the foot of
the operating table.

Adjustthe distal end of the WIS Distal
Telescaping Rod by moving the slida at
thi foot of the red medially or laterally
until the guide is aligned with the
mechanical axs of the tibia. The end of
thie MiS Distal Telescoping Rod should
b pasitioned aboul Sammm-10mm
madial ta the midpoint between the
palpable madial and lateral malleoli
Thetip should point tethe second toe
{Flg. 50i. When the proper M /L position
is achieved, tighten the anterior knob
to secure the jlS Distal Telescoping
Rad 1o the Ankle Bar.

Hig. 5i

Lowsan the knoks on the sida of tha
distal end of the MIS Distal Telescoping
Rad. Then use the slide adjustment to
align the rod in the sagital plans so it
Is parallel to the anterlor tiblal shaft.
Thiis will create a 7 postedor bial
slope, IF more of less slope is desined,
use the slide adjustment to obtain the
desired slope. Then tighten the knob,
Ifthere ks a bulky bandage around the
ankle, adjust the rod 1o accemmodate
the bandage. This will help ensure
that the tibia will be cut with the
proper slope.,
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Insert an MIS Screw near the tbial Set the Final Resection Level -
tubercle through the hole in the With the Tiblal Cut Guide flush against
Tuber:le Anchor (Fig. 51. the anteromedial edge of the tibla,

Tabsarpre ingart the MIS Tibial Depth Resection

Anchar Hobe Stylus [nto the hole an the top of the

Tibial Cut Guide. Fora minimal cut,
swing the 2mm am of the stylus over
the defective tibial condyte. Adjust the
Tibial Cut Guide up or down by rotating
the thumb wheel until the tip ofthe
dmm stylus rests on the surface of the
candyle (Fig. 50. This will position the
Tibdal Cut Guide to remove 2mm of
bane below the tip of the shylus.

Fig. 5|

HOTE: The Tubercle Anchar position
does not determine the varus/valgus of

it o
the tibial cut, g vm

Then use the Resection Guide through
the cutting slot to assess the slope of
the cut (Fig. 5kJ.

These two paints of resection will
usually not colncide. Thie sumeon must
determine the appropriate level of
resectlon based on patlent age, bane
quality, and the type of prasthetic
fixation planned.

NOTE: The grooves an the stem of
the Tiklal Cut Guide epresent 2mm
Increments (Fg. Sn).

Alternatively, swing the 10mm arm of
the MIS Tibial Depth Resection Stylus
aver the least involved tibial condyle.
Adjust the Tibial Cut Guide until the
tip of the 10mm arm rests on the

Fig. 5k surface of the condyle (Fig. Sm]. This
will pasitian the Tibial Cut Gulde ta
remove 10mm of bome below the tip
of the stylus.

Fig. n
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Us the Hex head Sorewidriver 1o
tighten all of the screws on the tikial
assembdy to maintain position.

nsert an WIS Screw though the medial
oldang hole on the culting head (Fig.
So). This hole s angled 1o facilitate
sCrew insertion.

Flace another MIS Screw through the
contral anterior hole on the cutling
head (Fig. Spi.

Resect the Proximal Tibia

Usie & 1.27mum (0,05 0-in) oscllating
saw blade thraugh the slet on the Tiblal
Cut Guide Lo cut the prodmal surdace
aof the tibia Mat (Flg Sqi. AMar calting
through the medial side and as far as
possitde into the lateral side, remove
thie cut guide assembly, Extend the
ke and retract soft tssue on the
lateral side,

NOTE: Take care to protedt the patellar
tendon when culing the laieral side.

Use a Kacher camp 1o remove the
libial bone fragment. Then trim any
remaining bone spikes and maniscus
onthe postedor and lateral aspects of
the resectad tibial surface.
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Step Six
Check Flexion/Extension
Gaps

Use the Spacer Alignment Guides to
dhedk the flaxion and extension gaps.
With the knes in extension, inser the
thinnest appropriate Spacer/ Allgnment
Guida batwean lhe resecled sufacas
of the Femur and tibia (Fig. 6a). Insan
the Alignment Rod inta the guide and
check the ali gniment of the tibial
resection (Fig. 65). F necessary insert
prograssively thideer Spacer (Al gramant
Guides until the proper soft tissue
tension is obtained.

Ap. &a

Then flex the knee and check liganent
balance and jaint allgnment in lexion.
Wit wesing the RIS Flex Femoral
Finishing Guide, the fledon gap will

be approximately 2 greater than
the extension gap, For sample, if the
extension gap is 10mm, the faxaon
gap will be 12mim. Fe account for this
difference, the appropriate MI1S CR-Flex
Spacar Adapter or WIS LPS-Flex Spacer
Adapter (Fig- &c) should be placed on
top of the Spacer (All gnmeant Guide that
wiks used in extension te accurately
check ligament balance in flexon.

The coanbined comstruct will egual the
total posterior condylar thickness of the
final implant.

Ifthe temsion is signaficantly graater
In extension thamn in fledon, re-cut the
distal lemur using the appropriata
instrumantation. This will enlargs the
extension space.

IFthe temsion i significantly lass in
extension than in flexion, eithes
donwnsiz e the Femar or parform
additional ligamsemt releasas,

mslrumentation Surgical Technique
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Step Seven
Prepare the Patella
Sharply dissect through the prep stellar Patella Thickness
Euwrsa to expose the anteior surface of Implant Thickness
the patalla. This will provide axposure = Bone Remaining
fior affixing the anteror surface intoe the
p.!tEI'i.l":'ﬂ.l'l"l Implant Thickneds Guida

Patella Micra Standard
Remove all osteophites and synovial Thicknesses Implant Implant
insartions from arsund the patalla. 26mm 7.5mm —
Be careful not to damage tendaon T e e
inserticns on the bone, Use the Patellar = = :
Caliper ta measure the thickness of tha Bimm el =l
patella (Fig. 7). Subtract the implam 35mm E.Omm famm
thickness from the patella thickness wmm - 2.5mm
to determine the amount of bone that s1mm — 10.0Mmm

shouild remain after resadion,

NOTE: atleast 11mm of tetal bone will
remain to allow For implant pegs If the
Patalla Reamer is wsed.
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Patellar Reamer Technique Insert the appropriate sze Patellar
Resect the Patella Total Surfacing Procedure Keamer Sufacing Guide into the
Lkse the Patellar Beamer Surfacing Patella Reamer Clamp (g 7ek. Tum
Universal Saw Guide Technique Guldes as templales Lo determine the the Incking screw until tight.
Apply the Universal Patallar Saw appropriate size guide and reamer.

Guide in ling with the patellartendon, ~ Choose the guide which fits snugly
Push the patella up batween the jaws armnd the patella, using the smalest

of the saw gulde. Level the patella gulde possible Fig. 74). ¥ the palela

within the saw guidejaws and usethe 1% 0nly slightly larger than the sufacing

thasmibs crow to Hightan the guide. mide in the mediclateral dimension,
use a rongeur Lo remove the medial

The amount 1o beresecied across the of lateral adga until the bone fits.

top of the saw guide [aws should be the guide.

apgromimately the same on all sides.
(hieck to be sure that the 10mm gauge
does nod retate benaath the anterior
surface of the patella, If tha gauge hits
the anterlor surface of the patella as it
s rodates, this indicates that at leass
10mm of bone stode will remain after
the cut (Fig. 7bi.

Apply the Patellar Reamer Clamp at a
207 angle Lo the langitudingl axs with
the Patedlar Reamer Surfacing Guide
encompassing the articular sur ace ol
the patella. Squeeaze the clamp until
ihe antedior surface of the patella i
fully seated agains! the Nxation plate
{Fig. 711, Turn the clamp scraw to hold
tha instrument in place, The antarior
surface must fully seat upon the pins
RE-TH andl contact the fixation plata,

Cut the patella Mat so that a smooth
surface remains (Rg. 7o,

N




fimmer WIS Mulli-Reference &-in-1 Fermoral

Tumm the depth gauge wing on the
Patellar Beamer Clamp to the proper
indication for the cormect amount of
bone that is to remain after reaming

{Fig. fgh

Attach the appropriate size Patellar
Reamer BElade to the appropriate
size Patellar Beames Shaft (Fig. 7h.
Use only maderate hand pressureto
tighten the blade,

Do mot overtighten the blade. Insert
the Patellar Eeamer Shaft into a drillf
reamer. Insart the reamer assambly
into the Patellar Reamer Surfacing
Guide. Ralse the reamer slightly off
the bone and bring it up to full spead.
Sadvance it skowly wndil the prominent
high points are reamed off the bone.
Continue reaming with moderate
pressure until the stepon the reames
shalt bottoms oul on the depth gauge
wing of the Patellar Reamar Clamg.
Remove the reamear clamp assembly.

Procead ta "Finish the Patella™ on
page 3L

nstrumen lation Surgical Technique

Insert the appropriate size Patellar
Reamer Insatting Guide inta the
Patellar Rearmer Clamp, Turn the
locking sorew until tight. Apply the
Patellar Reamer Clamp al a 907 angle
to the longitudinal axis with the
Patallar Reamer Insetting Guide on the
articular surface. Squeeze the clamp
until the anterior surface of the patella
is Tully seated against the lixation
plate, Tern the clamp scresy to hold

the instrument in place. The anterior
surface must fully seat on the pins and
contact the fixation plate.

Insetting Technigue

Ui the Patellar Beamer Insetting
Guldes as templates o determine the
approgeriate size guide and reamer,
Choose the guide which will allow
approximately 2mm betwean the
superion edge of the patella and the
outer diameter of the gulde (Flg. 7i).

Turn the clamp wing 1o the “insal™
\ position,

attach the appropeiate size Patellar
Reamer Elade ta the appropriate
size Patellar Reamer Shaft (Fig. 7ii.
Use anly moderate hand prassure to
tighten the blade. Do not overtightan
the blade. Insert the Patellar Reamer
haft Inte a drill freamser.

fig. 7|

L5 the Patallar Reamer Depth Stops
to controd the amount of bone to be
remaved based on the thickness of the
implant chosen.

NOTE: If usimg a Primary Porous Patella
with Trodrecelar Metal™ Matedal, all
impdants ara 10mm thid.

91



Firmmmer MIS Mulli-Belerence §-in-1 Femor

Thee depth gau ge wing on the Patellar
Reamer Clamp can be used instead
of the stops 1o control the amount

of bone remaining, rather than the
amount ol bone removad.

Insert the reamer assembly inio the
Patellar Reamer Insatting Guide. Raise
the reamer slightly off the bone and
bwing it up to Tull speed. Advance it
slowly until the prominent high points
are reamied off the bone. Continue
reaming with moderate pressure.
Bemove [he resmer clamp assembly,

Fimish the Patella

Forthe NexGen Primary Porous Patella
With Trabecular Metal Material

Conter the approps ate Patellar Drill
Cailda ovor thi rosedod patolla sirfaces
with the handle on the medial side of
ihe paiella and perpendicular o the
tendon. Press the dall guide firmdy In
place sa that the testh fully engage and
e drill guide sits Nat on the bane
suface Hg. 7kl Dill the peg hole
inkakiing sure the drill Sop collar contacts
i top aof the drill g de (Fle 70.

.

ROTE: The Primary Porows Patellar
Clamp may be used to fully seat
thie drill guide on hard sclemtic
bone surfaces.,

Surgi al Technique

Far the RexGen

All-Pobyethyle ne Patella

Center the appropriate Patetlar Drill
Guide over the patella with the handls
an the medial side of the patella and
parpendicular to the tendon. Helding
thae dlrill guide fiemly in place, drifl the
three peg holes using the Patellary
Faenoral Deill Bit (Fig. 7.

3
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Option 1
Patella Protectors

NOTE: Il the patella will not bs
mesurfaced, be carafil to avoid injury to
the patella during surgery.

NOTE: The Patella Protectors are n
recommendad for use in an insetting
technique,

There are 3 sizes of Patalla Protectors
available to cover the patella while
cumpleting the remaining bone
resections. Choose the size that best
covers the patella - 26mm, 32mm, or
Fmm. Handle with care; the spikes
may be sharp.

A suruare needs o be placed through
the hole in the Patella Protector iFig.
b, Laosely tie a suture through the
hole on the Patella Protectaor. Attadh
a hemwstal to the end of the sulure
matenial, Leave an adequate amount
of suture material to pasition the
henstat away from the incision.

After thainitial patela cutis
comgleted, use thumb pressura o
press the Patella Protector against the
bane. If the bone is particularly hard,
apply the Patellar Clamp against the
Patella Pratector. Squeare the damp
until the Patella Protector is Fully seated
agaimst the bone

nstrumen lation Surgical Technique

Thie Patella Pritector should be

part of the instrument count before
dosing the wound. It is nol intended
for implantation. Comgpletely remaove
the sulure material at the end of the
aperation and before sending the

instrument for cleaning.

Surgeon Notes &Tips

¢ The suture placed through the hole
inthe Patella Protector provides a
tether for finding and removing the
Patella Protector.
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Step Eight
Perform a Trial Reduction

Alter preparing Lhe libia, selact the
appropriate Pegged or Stemmed Tibial
Sizing Plate Provisional that provides
the desired tibial coverage, Check the
size matching chart (far the style of
Nexzen Knea implant) for compomnent
matching instructions,

Insert the Femoral Provisional, Patellar
Provisional, Tibial Sizing Plate/
Provisional, and Artlcular Surf ace
Prowisional.

Aex and axtend the knee with the
provisionals in place. Chedk the range
of matien and ligament stability.
Pesform any necessary soft tissue
rel eases. ‘With proper soft tissue
balancing complate the tibial
compenent tends to seat itself in

the position where it best articulates
with the femur (Fig. Ba)

ROTE: During the trial reduction,
observe the relative position of the
Femnoral Provisional on the tibial
Articular Surface Provisional by using
the lines an both provisionals, The
limes can ke used to determing if
pasterior rollbadk |s occoumring, whether
thie FCL is Fundtional, and if the femoral
comgonent will contact the tibial
articular surface inthe proper location.
Ifthe PCLis properly balanced, the
Feanoral Pravisional should sit near
thie anterior Of center lines on the
tibial Articular Surface Provisional in
extension and near the posterior line
in flexdan.

Ifthe Femaral Provisional sits
posterion to the lines, the PCLmay e
too tight arthe articular surface may
b taa thick. Il the Femoral Provisional
sits anterior to thi lines, the PCL may
be too loose,

Fiz. B3

after this self-centering process has
accumed, mark the positien of the
co-mpon et with methlemns blue or
alectrocautery (Fig. 8bh. Then remave
the provisional companents. The
Femoral Extractor can be usedto
remove the Femaral Provisional.

fig. b
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Option 1 Attach the Universal Handle i the Generaly, the handle aligns with the
le‘lal Pﬂiitiﬂn bHS'E'd on selected Tibial Sizing Plate/Pravisional anterlor aspect of the tibia. Eotate the
Anatomilc Landmarks bry degressing the button on the handle  sizing plate/provisional so the handie
and engaging the dovetail on the paints. at, or slightly medial to, the
. . handle with the dovetail on the sizing tibvial tubearcle (Fig. 8. The Alignmeant
Tha poskion of tha tiblal componant plate/provisional and secure it by Rl can b used 1o aid in double
I A P i Ty tightening the thumbscrew Fig. 8d). dhadking varus fvalzus alignment.

anatomic landmanks prior o il
redudtion. Seled the appropriate
Paggad or Stemmed Tibial Sizing
Flate/Provisional that provides the
desired tibial coverage (Fig. 8c). Plaase
refer to the Zintmer® NexGer® Wis
Tl Component Cemented Swgice
Terhnigue (97 -S06.0-002 004 for
complete product information and
instructions for the MIS Tikial
Stenmed component.

O % O
O O | .
Fiz. 5d Fin the plate in place with two Short

Head Holding Pins.

Pepged Tibial Sizing Plate

3b

Stemmid Tibial Si5ng Plake
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Step Nine Insertion of Femoral Provisional
Perform Trial Reduction using Optional MI5 Femoral
Inserter/Extractor

I this step, atrial reduction is
performed to check component
peesdtion, patellar tracking, ROM,
and joint stability.

The Tibial Sizing Mate is in place.

Eniee in 70°-90" flezion

Mace the Collateral Retractor laterally,
an Agmy-Mavy retractor anterioy,

and a rake refractor on the meniscal

eeed medially.

A PS5 or CH femoral rotation setting
B. PS or CR lension sefing

. Femvoral rotation adjustment knob
. Tension adjustment knob

E. Trigger

F. Instrument hook

G Locking handle

H. Slaphammer slot

Drstemine type ol MexGen implant or
privdsional being used - Posierior
Srabilized (P5) o Crud ate Bet aindng
(R Refer o the side of the
instrument, labeled PS or CR (sea (A)
& (BY) which comesponds with the
impl ant or provislonal type (Fig. 9al.

Initially adgust femoral rotation sefting
and tension setiing. For the lemaral
rotation setting. a good starting poim
s between the lines of the implant type
{A), For the tension selting, stan with
the twas lines aligned (B1.

Open locking handle (G) to attach
Imgdant or provisional, Attach implant
o provisional by positionng the
instrument hook (Fig. @b,

35
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W meeded, tum adiustment knolbr (0 to
achieve dasired rotation of the femoral

companent (Fig. 9ok

Hg. 2

Tumn tension adjustment knob (0 to
ncrease (Highten) or decreass loosen)
the damising force (Fig, 9di,

Fg, #d

Cosa lecking handle 1o secure
mstrument to imglant or provisional
{Fig. @&

Fig. 7

Align implant or provisional onto
prepared bone, impact end (Hj.

Opren locking handle by pressing trigger
(E3 to release instnamant from implant
of provisicnal.

If prefemmad, the Femoral Provisional
may be pesitivned by hand.

Translate tha Femoral Provisional
laterally until the lateral peg of the
provisional alignes with the drill kole in
the lateral femoral condye. Push the
provisional in place beginning laterally,
thien medially. Be sure that soft tissue
is nl trapped beneath the provisional
COIgonant,

Knee inextension

Check e ensure that the Femoral
Prowisdonal is flush against the resactad
surface on the medial condvyla. Then
retract the lateral side and ched to
make sure it is flush onthe lateral side.
The Femeral Provisional should be
centered mediolaterally on the

distal lemur,

Attach the appropriate Tibial Articular
Surface Provisional and perform a trial
reduction. Check ligament stability in
extension and in 30¢, &0, and 907
Nexion, Attempt 1o distract the jointin
flesiom to ensure that itwill not distract.
If a posterior stabilized componeant Is
used, hypeles the knee and ched to
make sure that the spine still engages
the cam.

Insent the Patellar Provisional onto the
resected patellar surface. Perform a
RO to check patellar tracking.

Wilben compenent positicn, RO, and
ioint stability have been confirmed,
remmove all provisional companents,

nstrumen lation Surgical Technique

Removal of Femaral Provisional
using Optional MI5 Femoral
Inserter)Extractor

Ensure (A and (B} are still sel properly
for provisienal type boing used (PS oF
Rk

Position instrument heok under
provisional (F (Fig. o).

Tum tension adjusiment knob (Of to
tighten or loosen as neadad.

Close lecking handle (G).
Amadh slaphammes (H), exdrad.

Surgeon Motes & Tips

+ Im peafoming the trial reduction
and during implantation of the
Fesnaral Pravisional of prosthesis,
make certain that no potion of the
quadriceps ar soft issuais pinned
beneath the component.
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Step Ten
Implant Components

I this stap, the linal componants ana
implanted, and the tibial articular
amfaceis secured to tha implanted
tilvial base plate, When using cemented
cumpanents, it [s recommended to use
o batches of cement.

After the implants have been chosen,
make a final check to ensure that the
femoral, tibial base plate, and tibial
artloular surface components matoh,
W wsing a cemeanted companent, mix
the first batch of coment. The cemant
should have a doughy consistency
when ready for use,

Tiblal Base Plate

W a stemmed tibial base plate will ba
wsad with a stam extensicn, attach the
desired stem ext ension to the stem and
strike it onoe with a mallat. IF 2 10mm-
14mmi thick tiblal articular surface will
be used, insert tha locking screw lar
the stem axtensien.

¥ a stemmed tibial base plate will

b wsend without a stem extension,
conslder the need for a taper plug. If a
17mm or 20mam articular surlace will
b used, @ stem extension or taper
plug Is requirad. A taper plug also can
e sed with the 10mim-Larmn tibial
artloular surface. If it is planned to
use a Lamim amicular surface o if the
flaion and cxtensdon gaps ane i
balanced, consider using the taper plug
in case the final reduction reveals that
itis necessary to switchto a 17mm or
2 articular surface. Furthermore,
i the articular surface should ewer
require revision with a 1/mm or 20mm
thick component, the taper plugis
already in place and revision of the
tibial base plate may not b necessary,
Assemble the taper plug onto the tibial
plate by striking it several limes with a
mallat to allow the ring on the taper to
deform.

Pusition the PCL Retracter postenioy,
the Collateral Soft Tissue Protector
laterally, and the Codlateral Retractor
madially. Subluxthe tibia anteriorhy.
Place a Layer of cament on tha
underside of the tikial base plate,
arpund the keel, on the resacad tiblal
suiface and in the tibial 18 canal.
Pasition the tibial base plate onto the
libvia and use the Tikial Impactor to
impact it until fully seated (Fig. 10a).
Thoroughly remave any excess cemeant
i A COnET STEnt anner,

ks

Fig. 10a Uz2 the Tibiall mpactor to impact
the tibial baza plate,

Femaral Campanent
Altach the femaral compenent Lo the
Femoral Impacton Extractor,

Knee in 73°-90° flexion

Placa the Collateral Retractor laterally,
an Anviy-Hawy retractor anteriorly, and
a rake retractor on the meniscal

bed medially,

Place a layer of cement on the
undarside of the prosthesis and in the
hales drilled in the femur.

Attadh the Femaral imgactor! Extractor
to the famieral component. Insert the
femaral component onto the distal
Temur by translating the compoenant
laterally until the lateral peg aligns
with the drill holein the lateral femaral
comdyle. Take care to avoid soratdving
the imgd ant component sufaces.
Disposable, plastic Tibial Plate
Protectors may be temgorarily inserted
anta the Tibial Base Plate to protect
the il ant surfaces. during insertion
af the femaoral component. Remove the
Tibial Mate Protectar after the fermur is
seated. Be sure that soft tissue is not
trapped beneath the implant. Use a
miallef to impact the compenent until
Fully seated.

Remave the Femaoral Ingactar
Extractor, and the retractors. Cheds
the medial and lateral sides to make
sure the femoral component is fully
impaed, Ramive 3N srass Cemnt
in a thorough and consistent manner.

Altemativaly, push the component in
place by hand beginning laterally, then
medially.
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Component Implantation

After the implants have been chasen,
make oné last chack Lo ensure that the
femaral, tibial, amd artioular soeface
conpanents malch.

Articular Surface
Insertion

The Articular Sulace Inserter applies
both downweard and rearward forces
to ald in the insertion of the articular
surface omto the tibial base plate,
Pussh the lever on the inserter fully to
elther side. Mace the articular surface
ondo the tiblal base plate, engaging
the dovelalls (Fig. 10b. Steady the
surface onthe base plate with one
hand by applying dowrnward pressure
musar the postarion aruciate culout,
Engage the hook on the insertaer with
the mating slot inthe front of the
base plaie and dose ihe lever with

your indexfinges., This should lock the
Inserier to the base plate. Squesze
the handles of the inserter (o saat the
artbcular surface (Fig. 100, Open th
lewrer and remove the inserter, Insert
an articular surface only once. Newver
reinsert the same articular surface
onto a tibial base plate.
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120 SUrgic al le

100

Patellar Component

NexGen Primary Porous Patella with
Trabecular Metal Mate rial

Knea in 70°-80* flaxion

NOTE: If the imiplant post begins

o engage at an angle, the implant
should be remaved and repositioned
perpendicaular to the reseded surface.
nsert the patella again and reclamp,
applying an even distrbation of
pressure on the patellar surface,

NexGen All-polyathylens Patella

Knea in 70°-50* flaxion

Apply cement to the anterior suface
and pegs of the patellar componen
while in a doughy consistency, Locate
the drilled pag holes and use the
Patellar Clamp to insen and secure the
patella in place. Fully open the jaws of
the dlamp and align the teeth to the
anterior surfaco of the patella and the
plastic ring to the pesterior surface of
the implant, Use the dampio apply a
significant amount of pressure to the
implant Lo Tully seat the implant on the
patallar surface. Then rEmove soess
cement.

Tibial Articular Surface

Enee in 70°-90° flaxion

U= the Articular Surface Insartion
Inestrumant te attach the appropriate
tikdal articular surface onta the tibi#
base plate (Fig. 10d).

Fig. 10d Insert the tibial artic ular surtace
ante the tibial base phate

Technigue for 17 mm and Thicker Tibial
Articular Surface Assemblies
Aspcondary locking sorew is required
for the 17mm and thidker tildal
arficudar surface components if using
a Flex Femoral Component. Therefore,
stemumned tibial base plates with either
a stem extension or taper plug must be
used with these thidker compaonents
(Fig. 1), This assists in lift off
resistance at higher Aexion pasitions.

Al

MelShmpe Malded  Frodang Polyethyli ni

Fig. 10

NOTE: The pegged plate cannot be used
with the 17mm or thicker Net-Shape
molded o Prodeng® Highly Crosslinked
Paly cthylena articular surface.

‘With the Prodong Highly Crosslinked
Paly etivylene Articular Surface
Component (1 7mm and thicker only,
the metal locking clip and screw are
padkaged separately from the tikial
articular surface container, but inthe
same box, Before inserting the tibial
articular surface, insert the metal
locking clip inte the antarier slot of
the compartment. The rail should be
aligned with the space inthe slot.,
There is an amow on the superion side
af the ledking clip that indicates the
cofrect direction for insemion. The
purpose of the rall |s to prevent the clip
from being assembded incorrecly. The
medal locking clip should glide sasily
into the slot. The clip is properly seated
when a chick is heard., For the molded
tibial articular surface, the matal
locking clip is preassambled inta thea
COHTI PR,

Ataper plug also can b used with

the 10mim to 14mm artioular surface
0 e, IF ol plan te use & 18w
component or the lexion and edension



40

Zimmer MIS Multi-Reference 4-in-1 Femoral Instrumentation Surgical Technigue

gaps are not bakan ced, comsider using
the taper plug in cise, during final
reduction, It world be necessany fo use
a 17mm or thicker compon ent. Then,

il the aricular surface should ever
require revision with a 17mm or thi cker
component, the taper plug is already

In place and revision of the tibial plate
component may not be necessary,

For Back Table Assembly:

1. Assemble the stem extension or the
taper plug onto the tihial plate by
striking it with a mallet once for the
stem exlension or several times for
the taper plug to allow the ring on
the taper plug to deform.

2. Place tha tibial plate onto the
holding Aature, which is an infegral
part of the instrumant case.

3. Use the artioular surface Inserter to
inserl the aricular surface onto the
tibial plate.

4. With the articular surface in place,
insert the secondary locking screw
[packaged with the antl cular
surface).

5. Use the LCCK Delection Baam
Torgue Wrench with the &.5mm Hex
[rrivier BBl attaschied to oegue e
sCrew 1o 95 in-bs, Alternatively,
ifusing a stem extension, use the
Tiblal Plate Wrench to asalstwhen
torquing the screw. Do not over or
under targua,

Far in wivo Assembly:

If preferred, 17mm or thicker artioular
surlace can be inserted alter the tibial
plate has bean implanted.

1. Assemble the stem extension orthe
tagper r]lug oo thie tibial plate by
st king It with @ mallet once for the
stem extension or several 1 mes for
the taper plug to allow the Ang on
the taper plug to defom.

It is recommended to secure the
tager plug/ stem extension using

a Replacement Stem Extension
Locking Scrow: O0-9980-050-00
({avallable as a sepamate sterle
itern) belore implanting the Libial
cofmponenl. This screw will beald the
taper plug/stem extension in place
wiven the tibial plate is impacted,

2. Implant the tiblal plate®. Rermowve
the Replacement Stem Extention
Locking Scrow and discand, Il bone
cement is belng used, wait for the
cefnent o completely cure before
Inserting the articlular surface. An
articular surface provisional may be
Inserted to use as space while the
CEMent Cures.

3. Remowe the articular surface
prowisional and insert the aricular
surface onto the plate wsing the
Articular Surface Inserter,

i, Salect the Tibial Plata Wrench that
matches the size of the implant to
be assembled, Place the end ol the
wrenich ower the tibial plate, Ensure
that the wrench is in line with the
base of the tibial plate.

5. Place the locking screw (packaged
with the articular surface) through
the hole in the aicular surface,

6, Wise the LOCK Deflection Beam
Tarque Wrench attached to the
4.5mm Hex Driver Bil to torque the
screw to 95 in-lbs,

*For cemented applications, apply a
layer of bone cermnent to the underside
ol the tibial plate, around the Keel, on
the resected tibial surface and in the
Tibial 1M canal. Hermowve the excess
ciment.

Recheck the BOM and stabllity of
the knaa,

Surgeon Notes & Tips

® Take cari that the retmctors do pot
inadvertantly dislodge the tibial
base plate, particularly on the
postemnlateral cormer.

Verify that the femomal component
i Tully seated belore closing
The wound.

Confirm that no portion of the
quadriceps mechanism has
beeen pinned beneath the
femoral compaonent.

Surgical Support Team Tips

* The cement may need to be
prepared in two separate batches to
implant the components.

- Place cement on to the Libial

bone, position the irmplant, and
impact into place. Remove
PECESS Corment,
Place cement onto the femoral
component, then position the
Implant and impact Into place.
Remove all excess cement in a
consistent manner,

Afver thae titeial base plate
component has been implanted,
ansure that the tibial base plate
component has not been dislodged
when the Femur is subluxed
anteriory to implant the lermoral
oomponent.
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Apply cement o the Trabecwar Metal
=surface and post while in a dowghy
comsistency. Locate the drilled post
holi and use the Primary Porous
Patellar Clampr to insert and secure the
patella in place, Fully spen the jaws of
the clamp and align the teath to tha
anterier surface of the patella and the
plasticringto the posterior surface of
the implant. Usathe damp to apply a
significant amaunt of pressure ta the
mplant ta fully seat the implant on
the patellar surface (Fig. 1071, Renoye
BxCEss cament.

Fig. 10of

NOTE: If the implant post begins

10 engage at an angle, the imglant
should be removed and repositioned
perpendicular to the resadied surface.
Insert the patella again and reclamp,
applying an even distribution of
pressure on the patellar surface,

Apply cement to the anterior surface
amd pegs of the patellar component
whilein a doughy consistency. Locate
thi drilled peg hoales and use the
Patellar Clamp b insert and saarathe
patella in place. Fully epen the jass of
the clamp and align the teath to the
amterior surface of the patella and the
plastic ring to the posterior surface of
the implant, Usa the damp to apply a
significant amount of pressureto the
implant to fully seat the implant on
the patellar surface, Remove excess
cement,

Step Eleven
Close Incision

Fraaly irrigate the wound with the
solution of choice, A drain may be
placed intracapsulary. Then dlose
the wound with sutures, and apply a
bandage.



Appendix 1

This appendix should be used asa
supplesment 1o the MIS Quad-Spaing™
and WIS Muli-Reference 4-in-1 sungical
technigua when the oplional MIS
Telescoping Locking Boom (Fg. &) is
usid, Tollow the instructions for the
M5 Locking Boom (00-5983-028-

) within ihe MIS Qered Sprring

and MIS Multi-Reference 4-in-1
sirrgical technigues with the following
additicnal instrections.

Ad justabde Seelus

Surgical Technique

Attach the MIS Telescoplng Locking
Boom o the yoke on the appropriate
M5 Quond-Sparing AP Sizing Tower

ar MIS Multl-keference 4-in-1 AP
Sizing Guide, The position of the boom
dictates the exli point of the saw

blada For anterior bone cut and the
desired anterior position of the femoral
component.

Tedescaping Baooin Body

Fig. B

103

Adjustable stylus: The Telescoping
Boom |s attached 1o the yoke of the
AfP Sizing snstrument (Fig. B). The
Stylus Tip s extended to the kdeal point
odi the antegior lemoeal cortex which

is bocated slightly lateral of patellar
femoral groove, promdmal of the lateral
condyle where the sbope begins 1o
Naiten (Le. valley).

The Telescoping Boom can easily be
adapted for use on either lef medial
right lateral ar right medial/lef lateral
cases, For left medial/dght lateral usea,
the eching - L MED/R LAT must b
Tacing wp with the stylus tip pointing
devwwn. IF the stylus tip is pointing up,
slide the stylus Tully distally using the
knob and mtate the knob 180 degress
conmbere Inckwise,

NOTE: The Stylus is designed 1o be
miEated at onky one position,

Thie engraved lines on the stylus and
the Body of the Telescopling Locking
Boom miisl be in alignment during
Sizing.

NOTE: Clear amny salt tissus or bony
fragments that interlere with the
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Appendix F — Results
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Figure F.1. and F.2. Average IM rod alignment (left) and deviation from target (right) (Degrees) by group

in the cadaveric trials.
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Figure F.3 and F.4. Average IM rod insertion point (left) and deviation from target (right) (mm) by group

in the cadaveric Trials.
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Average Femoral Distal Cutting Guide Alignment by Group Deviation of Femoral Distal Cutting Guide Alignment
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Figure F.5 and F.6. Average femoral distal cutting guide alignment (left) and deviation from target (right)
(Degrees) by group in the cadaveric Trials.
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Figure F.7 and F.8. Average femoral posterior cutting guide alignment (left) and deviation from target
(right) (Degrees) by group with regards to flexion/extension and external/internal rotation iin the
cadaveric trials.
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Figure F.9 and F.10. Average femoral osteotomy alignment (left) and deviation from target (right) by
group with regards to flexion, varus/valgus and external/internal rotation in the cadaveric trials.
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Analysis by Trial Type

Average IM Rod Alignment by Trial Type
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Figure F.11. Average IM rod alignment for each trial with respect to the varus/valugus and
flexion/extension angle (Degrees).
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Figure F.12. Average deviation of IM Rod alignment from target for each trial with respect to the
medial/lateral and anterior/posterior angle (Degrees).
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Deviation of IM Red Insertion Point from Target

Average IM Rod Insertion Point by Trial (Average by Trial Type)
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Figure F.13 and F.14. Average IM rod insertion point (left) and deviation from target (right) (mm) for
each trial with respect to the anterior/posterior and medial/lateral distance.
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Figure F.15 and F.16. Average femoral distal cutting guide alignment (left) and deviation from target
(right) (Degrees) for each trial with respect to the flexion/extension and varus/valgus angles.
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Figure F.17 and F.18. Average femoral posterior cutting guide alignment (left)and deviation from target
(right) (Degrees) with respect to the flexion/extension and external/internal rotation angles.
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. . Deviation of Femoral Osteotomies from Target Values
Average Femoral Femoral Ostectomy Alignment by Trial Type
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Figure F.19 and F.20. Average femoral osteotomy alignment (left) and deviation from target values
(right) (Degrees) for all trials with respect to the flexion, varus/valgus and external/internal rotation
angles.
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Figure F.21. Average posterior slope (Degrees) of the tibial cutting guide by group.
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Figure F.22 and F.23. Average tibial cutting guide alignment (left) and deviation from target (right)
(Degrees) by group with respect to the varus/valgus, external/internal rotation and posterior slope

angles.
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Figure F.24 and F.25. Average tibial osteotomy alignment (left) and deviation from target (right)
(Degrees) by group with respect to the varus/valgus, external/internal rotation and posterior slope
angles.
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Analysis by Trial Type
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Figure F.26. Average posterior slope of the tibial guide (Degrees) for each trial type.
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Figure F.27 and F.28. Average tibial guide alignment (left) and deviation from target values (right)
(Degrees) for each trial type with respect to the varus/valgus, external/internal rotation and posterior
slope angles.
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Appendix G - Soft Tissue Balancing
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Figure Al. Pre-operative and post-operative frontal and transverse laxity measurements
comparing surgeons in Group 1 and Group 2
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Figure A2. Pre-operative and post-operative frontal and transverse laxity measurements
comparing all measurements obtained in surgery performed on cadaver 1 and cadaver 2
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US 7,427,200 B2

1

COMPUTER-BASED TRAINING METHODS
FOR SURGICAL PROCEDURLS

This application claims the benefit of the filing of co-
pending U8, Provisional application No. 60/372.873. filed
Apr. 16,2002, and which is incorporated by relerence herein
in its entirety.

BACKGROUND QF THE INVENTION

Many different surgical procedures are performed to
restore normal lunction of the musculoskeletal system aller
acute injury (eg fracture of a bone), or to treat long standing
deformities or chronic diseases (eg. arthroplasty to replace
arthritic joints). Certain mechanical and spatial parameters
define the technical success of these procedures. These
parameters (ypically describe quantities such as:

1. The alignment of bones on each side ol a joint or bony
fragments fixed in position after a fracture;

. The shilt in the original position of musculoskeletal tissues

(c.g. bones or bony fragments. tendons, muscles, and liga-

ments) with respect to their relative position in the healthy

skeleton:

The laxity of joints under external distracting or shearing

loads; and

. The relative position ol bones during joint motion. includ-
ing the limits of motion impesed by the joints or body
tissues.

Based on extensive experience in reviewing the results of
cacli operative procedure. and the function of the musceulosk-
eletal system in health and disease, orthopedic surgeons have
developed quantitative guidelines for tanzet values ol each ol
these parameters. Through reference to these target values,
surgeons are able 1o gauge their success in achieving the
“technical goals™ of cach procedure. Although many sur-
geons agree on the values of each of the parameters defining
the technical success ol each operative procedure, lew tools
are available, during the surgical procedure. 1o tell the sur-
geon the extent to which the technical goals of the procedure
have been achieved. Numerous disclosures within the patent
literature teach methods for guiding surgeons during surgery
using computer-based systems within the operating room.
These systenis have been introduced into many operating
rooms in Lurope and are gencrally termed “Surgical Naviga-
lion Systems.” These systems generally consist ol'a compuler
conneeted to opto-clectrical devices that are utilized to mea-
sure the relative position of musculoskeletal structures. typi-
cally bones, during the aperation. Typically, oplical devices
arc rigidly connected 10 bony structures and 0 instruments
that are aligned with bony surfaces cut or machined by the
surgeon. The system collects inlormation from the measure-
ment devices and 1s able to calculate the alignment and rela-
live spatial position ol each bone and any other feature ol
interest through relerence (o the known geomelry ol each
instrument, bone and machined bony surface. ‘lypically,
information is displaved in graphical form on a computer
monitor (o provide miormation that 1s uscful us & guide o the
surgeon. In many systems. the surgeon sees a three-dimen-
sional rendering of the bones of relevance (o the procedure
and the relative position and aligiment of lis instroments and
reference axes.

Although Surgical Navigalion Systems can be uselul wo the
surgeon in providing immediate spatial information during
surgery. this approach has several practical shortcomings:

1. To generale accurale. patient-specilic models of bony
anatomy, computer lomographic (CT) scans arerequired off
each patient. In many parts of the world, this adds signifi-
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cunt expense 10 (he use of the System. because of the cost
ol the CT scan and the time required (o prepare a three-
dimensional computer madel from the CT data. Although
this issue may be addressed through use of generic com-
puter models. or throvgh collection of data intraopera-
tively. both ol these solutions involve either a reduction off
accuracy or additional expense through time and equip-
ment,
Surgical Navigation Systems require additional time and
personnel i the operating room to set-up and operate the
equipment, to attach optical markers to the skeleton. to
register computer models (o the optical markers, and to
collect and interpret data. Tlis leads to longer operations
and a significant reduction in productivity for the operating,
reom. As operaling room lme is extremely expensive and
reimbursement for operative procedures is olten fixed,
independent of the equipment utilized to perform the pro-
cedure. utilization of Surgical Navigation Systems is often
commercially unattractive.

3. The computer routines developed lor use with these sys-
Lems are specilic (o each surgical procedure perlormed by
orthopedic surgeons, T'his means that surgeons who are not
specialized, in that they perform procedures involving dif-
ferent parts o the body (eg. knee replacement, ligamentous
reconstruction. and fracture reduction). can only gain
aceess L this technology if they operate al lange medical
centers with the resourees to afford the cost of the Surgical
Navigation System and cach of the specialized computer
programs. As most surgery 1 the United States. as well as
many other countrics, is performed at many small lacilitics,
most patients will not be able to receive the benefit of the
existing Surgical Navigation Technology.

. Some of the present Surgical Navigation Systems arc com-
bersome (o use and necessitate increased surgical expo-
sure. This is only possible through larger surgical incisions
which increases the length of the patient’s recovery and the
risk ol an intrasperative inlection. Some systems also uli-
lize: optical marker wrays which are comected 1o the com-
puter with wires which can complicate the surgical proce-
dure.

[

N

SUMMARY OF THE INVENTION

To overcome these obstacles. the present invention tukes o
ditferent approach to Surgical Navigation utilizing similar
technology, Specitically. the present invention comprises, in
certain aspects, a computer-based system that allows the sur-
geon Lo train outside the operating room (o develop and reline
skills specilic 1o a particular surgical procedure. Once these
skills Lave been developed using the inventive training
method, the surgeon is able to operate freely in the operating
room without the expensc or the impediments associated with
conventional Surgical Navigation Systems,

Specifically, the present invention, in certain aspects, is a
method that comprises (a) gencrating three-dimensional (3D)
computer models of orthopedic devices (L.e. orthopedic
instruments and implants }, wherein the data coresponding 10
the 3D models is stored 10 a memory system of a computer,
the computer being operatively intertaced with a visval dis-
play monitor: (b) generating 30 models ol a targeted surgical
site on a body portion based upon tomographic data stored in
em for the surgical site: and (¢) inputting into
the memory system select targel values carresponding lo one
of more measurable technical parameters associated with the
surgical procedure. These technical parameters include three-
dimensional positioning and dimensions ol bones, three-di-
mensicnal positioning and dimensions of soft tissue struc-
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tures, three-dimensional positioning and  dimensions ol
orthopedic devices [or surgery. and values corresponding to
range and loading forces assaciated with physiologic joint
motion. and joint laxity. One or more tracking devices, such
as optical tracking devices, for example. which are opera-
lively in communication wilh the compuler system. are
attached (o the body portien. The surgical procedure is then
performed on the surgical site, during which time data gen-
erated during the surgical procedure is recorded by the track-
ing devices and stored in the computer nemory systent. This
tracking data corresponds to positioning of the orthopedic
devices, bones, and sofl tissue structures. Nexd, aciual values
based upoir the tracking data are calculated, the actual values
correspending to the technical parameters set for the surgical
procedure.

Once the actual values are caleulated, the actual values are
compated to the target values set for the technical parameters
selected. In certain aspects of the present invention, this is
achieved by generating (on a computer monitor or via a com-
puler paper prial-oul, for example) a linal three-dimensional
model corresponding (o the 3D models ol the orthopedic
devices and body portion post-surgery. The final 31 model
shows actual positions compared to targeted positions of the
orthopedic devices with respect 0 sclected anatomical fea-
fures (i.e. bones and soft tissue structures) within the targeted
surgical site ol the body portion. The actual positions corre-
spond 1o the actual values caleulated while the targeted posi-
tions correspond to the target values inpuited previously. In
certain embodiments. the fnal 31 model shows dillerences
between (a) actual positions of the orthapedic devices with
respect 10 the anatomical features and (b) target positions of
the orthopedic device with respect to the anatomical [eatures.
Lere, the target positions may be defined by one or more of’
the [ollowing: i) (ixed anatomic landmarks. i1} derived
mechanical axes, ii1) derived anatomic axes, iv) positions
sclected by a surgeon, and v) positions pre-determined by
consensus or convention within a surgical community.

The comparison between actual and target values set lor
the technical parameters selected may also be achieved, in
certain aspects of the present invention, by generaling and
displaying on the mouitor a final 3D model corresponding to
the 3D models of the orthopedic devices and body portion
post-surgery. Here the final model may show actual responses
of anatomical features to loading forces based upon the actual
values calculated as compared to predicted responses of the
anatomical features {i.e. bones and soli tissue structures) to
loading forees based vpon the target values inputted. In cer-
lain aspects, (he aclual and predicted responses 1o Lhe loading
lorces displayed on said final three-dimensional model
include displaying (a) gcometry of space between resceted
bony surfaces, (b) overall position of a bone or extremity. ()
changes in length of a bene or extremity. (d4) magnitude or
distribution of mechanical axes, () magnitude or distribution
of anatomic axes, (f) positions selected by a surgeon, and (e)
positions pre-determined by consensus or convention within
a surgical community.

In certain aspects ol the present invention. once the actual
values are caleulated based upon the tracking data recorded.
one or more actual values may be compared to the target
values via a graph displayed on the monitor and/or printed out
directly on paper via a computer printer. The graph may. in
certain embadiments, comprise X- and Y-axes, each ol which
correspanding o a range ol technical paramelers. The graph
may further include one or more visual target zoncs corre-
sponding 1o an acceplable range o target values, wherein the
actual values are plotled on the graph, either outside or within
one or more of the target zones,
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The method. in certain aspects, may include perfoming a
surgical procedure having two or more procedural steps and
then evaluating one or more of the steps per the inventive
method. Here, the comparison of actual and target values may
be achieved by penerating and displaying on the monitor a
(inal 31 model corresponding to the 31 models ol the vrtho-
pedic devices and budy post-surgery for at least one of the
procedural steps, the final model showing actval positions of
the orthapedic devices with respect to the body portion com-
pared 1o targeted positions of the devices with respect to the
body portion for at least ane of the procedural steps. The
actual positions correspand to the actual values caleulated,
and the targeted positions correspond to the target values
inputted. Thus, comparisons can be made for each step of the
surgical procedure.

In all of the toregoing aspects of the inventive method, the
final three-dimensional model may be used as a surgical
training tool for understanding the crrors and reasons for
those errors that occurred during the sureical procedure, for
evaluating dilferent surgical techniques. lor evaluating the
abilities ol dillerent surgeons, and lor evaluating, the perliye-
mance characteristics of one or more orthopedic devices used
during the surgical procedure.

The inventive method. in certain aspects. also includes (a)
generating, three-dimensional (31) computer models of
orthopedic  devices (le. orthopedic  instruments  and
implants ). wherein the data corresponding to the 3D models is
stored in a memory system of a computer. the computer being,
operatively mterlaced with a visual display monitor; (b) gen-
erating 3D models olatargeted surgical site on a body portion
based npon tomographic data stored in the memory system
for the surgical site: and (¢) Inputting inte the memory system
select target values corresponding to one or more measurable
technical parameters associated with the surgical procedure.
These technical parameters include three-dimensional posi-
tioning and dimensions of bones, three-dimensicnal position-
ing and dimensions ol soll tissue structures, three-dimen-
sienal pesitioning und dimensions of orthopedic devices lor
surgery, and values corresponding to range and loading forces
associaled with physiologie joint motion and joint laxity.
Onee the 3D models are generated. data generated from two
or more surgical procedures is inputted into the memory
systent. This dala, which was recorded previously via (rack-
ing devices used in those surgical procedures, corresponds to
the positioning of the orthopedic devices, bones, and soft
tissue structures. Actual values based vpon the tracking datu
for all of the surgical procedures s then calevlated. These
actual values are then compared lo the Larget values via the
display ol one or more graphs on the computer monitor. Tn
certain aspeets of the invention, two or more of the surgical
procedures are performed by dillerent surgeons. such that a
graph mety be generated comparing the surgical results ol the
different surgeons. As for the other aspects of the present
invention, this embodiment of the invention (i.e. comparing,
results of different surgeons) may also be used as a surgical
training tool for understanding the ecrrors and reasons for
those errors that vecurred during the surgical procedure, lor
evaluating different surgical techniques. and for evaluating
the performance characteristics of one or more orthopedic
devices used during the surgical procedure, the perlormance
or efficacy of different surgical techniques vsed for certain
surgical procedures, in addition (o evaluating the skills ol the
dilferent surgenns. Tn other aspects ol the present invention,
the method may be used as an aid 1 developing preoperative
plans for [uture surgical procedures, wherein, [or example,
actual data collected over time via multiple operations ol the
inventive method may be compared and analyzed to deter-
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mine oplimal positioning ol surgical instruments and/or
implants lor a particular procedure. Similarly. actual data
collected via multiple operations ofthe inventive method may
be compared and analyzed to prediet “variability cnvelopes™
and final alipnment of implants for use in the development of
luture preoperalive plans.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a flow chart of describing broadly the inventive
method.

FIGS. 2 and 3 illustrate femoral and tibial axes defining the
absolute coordinate system vsed in generating 3D models of
these anatomical features in knee arthroscopy.

FIG. 4 illustrates an exemplary tracking system attached to
the femur and tibia of a knee model.

FIGS. 5-9 are various graphs and deawings used 1o illus-
trate the use of the inventive method in a knee arthroscopy
experiment described in Fxample 1.

IFI(38, 10-17 arc various graphs and drawings used to illus-
trate the use ol the mventive method in a second konee arthros-
copy experiment described in Fxample 2.

FIGS. 18-21 arc various graphs and drawings used to illus-
trate the use of the inventive method in a hip replacement, as
described in xample 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention is directed o a method suitable lor

analyzing surgical lechniques using a computer systent [or
gathering and analyzing surgical data acquired during a sur-
gical procedure on a body portion and comparing that data to
pre-selected target values for the particular surgical proce-
dure. The present invention allows the surgeon, lor example,
o measure Lhe lechnical suceess ol 4 surgical procedure in
terms of quantifiable geomerric, spatial, Kinemaric or kinetic
parameters, This process entails calculation of these param-
eters [rom data collected during @ surgicual procedure and then
comparing these results with values of the same parameters
derived from target values defined by the surgeon, surgical
convention, or computer simulation of the same procedure
prior 1o the operation itself.

For purposes ol illustration only, much ol the following
description of the present invention is made with specific
reference 1o its wrilization in total knee and total hip arthro-
plasty. It will be readily recognized by those ol ordinary skill
in the art, however, that the present invention may be utilized
in almost all arthopedic surgical procedures, including, but
not limited to, joint reconstruction, fracture reduction, surgi-
cal excision and ablation of tumors, and the like.

A Generation ol Computer Models:

FIG. 1 is a flosw chart illustrating broadly the inventive
method. As shown therein. the method first comprises, in
certain aspects. the generation of three-dimensional com-
puter models ol the surgical devices 1 1o be used during a
surgical procedure vsing available seftware prograns con-
monly known and used by those of ordinary skill in the art.
Exemplary software programs include compuler-aided
design (CAD) software such as UNIGRAPIIICS (vended by
EDS in Plano, Tex.), PROENGINEER (vended by PTC, in
Needham, Mass.), and AUTOCAT (vended by Autodesk. in
San Rafael. Calif.). Data associated with the generation of
these three-dimensional models is stored in a memory system
oz compulter system. the compuler system being operatively
interfaced with a visual display monitor. A preferred com-
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puter system includes a Windows-based x806 class machine.
As used herein, “surgical devices™ include. but are not limited
to, orthopedic surpical instruments, such as cutting guides,
spreaders, various cutting and drilling tools. intramedullary
rods, stabilizing pins. reamers. awls. extramedullary align-
ment guides, distal femoral components, custom devices 10
measure the planarity of cul surfiaces. and the like, “Surgical
devices” also include, but are not limited 10 onthopedic
unglants, such as femoral stems, acetabular cups, distal femo-
ral components, tibial trays. stem extensions. tibial inscris,
patellar components, and the like.

The inventive method further comprises gathering tomo-
gruphic data for a targel surgical site on a body portion of 4
human or animal 2. In orthopedic applications. the body
portion will generally be any of the major joints. such as the
hip, knee. shoulder. wrist, elbow. ankle, and joints associated
with the fingers and toes, as well as the seft tissue structures
(i.e. ligaments, tendons. cartilage, muscle) associated with
these bony areas. The body portion may also include the spine
and skull. [t will be recognized by these of ordinary skillin the
art that the present inventive method may be suitable for
non-orthopedic procedures. and thus. the body portion asso-
clated with the targeted surgical sile may be elsewhere. More-
aver, “body portion,” as used herein. may be ol a live patient
(human or animal). a whole cadaver. partial cadaver, or an
inanimate anatomical models. While computed tomography
(CT)is preferred. other suitable tomographic techniques may
be employed. including. but not limited to. magnetic reso-
nance imaging (MRT), positron emission tomography (PET),
or ultrasound scanning, as discussed i U.S. Pat. No. 6.205,
411 to DiGieda, 1] ¢t al. (hereinafter “DiCGioia I11L ¢t al™), and
incorporated by reference herein in its entirety.

The tomographic data of the body portion is transmitted o
a computer memory system. Based upon this tomographic
data, the computer system uses sollware loaded therein and
programmed Lo create three-dimensional models ol the body
portion, namely the bony and soft-tissue structures attected
during the surgical procedures 3. Exemplary software pro-
grams include. but arc not linited to. MATERIALIZT and
ANATYZE 3D.

B. Setting ol Target Values lor Technical Parameters:

Once the computer models are generated, select target
values corresponding 1o one or more measurable technical
parameters associated with the surgical procedure are input-
ted into the memory system 4. These parameters form the
basis for cvalvating the surgeon’s technical performance in
performing the surgical procedure. Typically. these param-
elers will define the three-dimensional position and dimen-
sions of bones. bony tragments. and soft tissue struetures
during the surgical procedure. [Note: as used herein, the term
“bones” includes whole bones, bone portions. or bony lrag-
ments. Moreover, the terms “position” and “positioning” are
intended to include the ordinary meaning of the terms “align-
ment” and “orientation.” as well.]. Technical parameters may
also define the three-dimensional positioning and dimensions
of devices used (or implanted) during the surgical procedure.
In koee arthroplasty, for example. technical parameters are
defined with respect to the femoral axes (i.e. flexion/exten-
sion: longitudingl. mechanical. and anterior/posterior) and
tibial axcs (i.c. longitudinal, medial/lateral. and anterior/pos-
terior) (FIGS. 2-3). The technical parameters selected may
also deseribe the range and loading lorees associated with
physiologic joint metion. including. but not limited to, joint
laxity.  soll-tissue  balance, range-of motion. In some
instunces. the surgeon may simply elect 1o accept delault
values for each parameter that have been adopted from pub-
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lished guidelines. In other cases. the surgeon may choose w
simulate the surgical procedure within the computer using
computer-generated models of bony and soft-tissue struc-
tures and the surgical instruments and implants. On the basis
of this simulation and. quite possibly, computer routines that
predict some parameters describing expected joinl [unction,
the surgeon may elect to modily the delault parameters or
may accept their applicability.

€. The Surgical Procedure:

Once the surgeon has set the 1arget values for cach techni-
cal parameter, he or she performs the same surgical procedure
5 on the body portion (i« an nanimate model. cadaver or
cadaveric portion. or live patient) 7. During this procedure.
the three-dimensional position and orientation ol the sur-
geon’s instruoments 6 and/or surgical implants and the bones
andfor soft tissues 7 are recorded using an tracking system
100. such as an optical tracking system. vending by Northern
Digital. Inc. {Waterloo, Cunada), or similar devices, includ-
ing but not limited to infrared oprical, DC magnetic, AC
magnetic, laser optlical and inertial tracking techmologics. as
also described in DiGioja. T et al. (see IIG. 4. for example).
This tracking data, in orthopedic applications, corresponds to
one or more of the technical parameters discussed above (e u.
positioning ot the surgical devices. bones, and soft tissue
structures as well as the range and forces of physiologic joint
molion. The tracking device is operatively connected (o the
computer, and thus the tracking data recorded is stored within
the computer memory systen, It should be noted that during
the data collection process the surgeon receives no informa-
tion reparding, his technical performance or any differences
between the intended position or orientation of each instru-
ment or implant. and the actual position or orientation
achieved during the surgical procedure.

. Calculation ol Technical Parameters (i.e. Actual Values:
‘The actual data collected during the surgical procedure is
processed 1o obtain caleulated actual values that may be
depicled visually on the computer monitor, lor example (ad/
or printed out on paper via a computer printer). either via
generation of a graph or (hree-dimensional models 8. These
actual values correspond to the technical parameters sct for
the surgical procedure, as discussed in more detail below.

E. Evaluation of Technical Performance:

‘The actual values derived from the surgical procedure are
compared with the original target values 9. Tn the case ol
many operations, this entails comparing the three-dimen-
sional position of implanted components after surgery with
the intended or target values. Specifically. in this regard, the
inventive method comprises generating and displaying on the
computer monitor a final three-dimensional medel corre-
sponding o the three-dimensional models ol the surgical
devices and body portion post-surgery. This final three-di-
mensional model shows the actual positions and target posi-
tiens ol the surgical devices with respect te selected anatomic
featires (1.e. bone and soft tissue structures). These actual
positions correspond to the actual values caleulated, and the
targeted positions correspond to the target values sclected and
inputted into the computer memory systen.

F. Data Representation:

Several different report formats arc available to display the
results of the inventive method in a way that is mast mean-
inglul lor the surgeon. One (orm is a graph in which at least
two variables are displayed (e.g. measures of bony alignment
and joint laxity). As used herein, “graph™ mcludes. but is not
limited to. two-uxis graphs (e, X-axis vs. Y-axis). pie charts.
bar charts, three-axis graphs (i.¢. X- Y-, and Z-axes). and
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other types ol diagram suitable lor depicting the desired
results (see FIGS. 5-10 und 13. forexample). Forexample, the
graph may have an X-axis and a Y-axis corresponding to a
range of two separate technical parameters, as shown in FI1G.
7. for example. The praph may further comprise one or more
visual targel zones corresponding Lo an acceplable ramge of
target values. The actual values calculated [or the technical
parameters are labeled on the axes and may be visually plot-
ted on the graph, either within or cutside one or more target
ZONCS,

It is alse possible to depict the performance of one indi-
vidual surgeons in comparison with a group of surgeons who
have performed the same procedure (see TIGS. 5-6. for
example). Aliematively, parameters or information sununa-
riving the distribution of those values on the graph may be
displaved. The figures shown herein illustrate various ways to
represent the actual data versus target data values deseribed
herein.

(. Diagnostic Routines:

The results of the procedure may be displayed on a com-
puter monitor using visualization routines that allow the sur-
gcon to view the following:

a. each step of the surgical procedure,

b. the placement of each instrument with respect to each bone
andfor soft tissue structures, and

c. the consequences of each surgical decision in terms of the
final placement of the orthopedic implants.

When diflerences between the intended (ie. target) and
achieved (i.c. actual) results are detected, the inventive
method displays the cause of the deviation in terms of each
surgical step and variations in the placement and/or aligmment
of the relevant instruments. The inventive system allows the
surgeon to determine the specilic errors in surgical technique
that have led to the ohserved deviation of vutcome (rom the
original pre-operative goal. For example, following a total
knee replacement procedure, the system may reveal (hat the
knee has inadequate range ol motdon in fexion and that this is
associated with an osteotomy of the proximal surface of the
tibia that has too little posterior slope. The diagnostic routines
might then show the surgeen that this error was due to mala-
lignment of the tibial cutting guide in the sagittal plane. and
thatcorrect placement required that the distal fost olthe guide
be clevated by an additional 10 mu above the anterior surface
of the tibia,

[1. Prognostic Routines:

The inventive method also enables the surgeon o predict
the functional result achieved by the original plan and the
gctual placement ol the components al surgery, Compuler
routines “exercise” models of the prosthetic components.
simulating motion and laxity, as viewed on the compuler
monitor. These roulines allow the surgeon 1o decide whether
a hip replacement will allow adequate range of motion in
performing prescribed procedures, or whether a knee replace-
ment can be performed without sofl-tissue releases (o achieve
acceptable gap Kinematics.

The inventive method has numerous applications, as sum-
marized below and described in the examples to Lollow, these
applications including. bul not being limited 1o, the [ollow-
ing:

1. To demonstrate the outcome of the surgical procedure in
terms ol the position or alignment of any instrument or
implant.

. To determine the optimal position or arientation ol a sur-
gical instrument with respect 1o the musculo-skeletal sys-
tem.

]
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3. Through use ol the ability of the system to predict the
functional performance ol an implant, it is possible 1o
assess the performance or tunction of new designs of
implants, of compare the relative performance or tinetion
of alternate designs of devices.

4. To assess the perlormance or lunclion of any surgical
instrument or 1o campare the relative performance or [une-
tion of alternate instroments.

5. 'lo demonstrate the ditference between the alignment or
position of cach nstrument and/or implant with respect 1o
the hones andfor soft-tissues and a target alignment or
position delined by:

a. fixed anatomic landmarks. and/or

b. derived mechanical andfor anatomic axes, andfor

<. positions andfor orientations nominaled by the surgeon.
andfor

d. positions and/or orientations pre-determined by consen-
sus of convention.

&. To demonstrate the outcome of the surgical procedure in
lerms of the predicted response of the bones, joints and
sofl-lissues (o loading, including, butl not limited to:

a. the geometry of the space between resected bony sur-
faces;

b. overall alignment and position ol a bone or extremity:

¢. changes in the length of a bone or extremity;

d. the magnitude or distribution derived mechanical and/or
anatomic axcs. and/or

¢. positions andfor orientations nominated by the surgeon:
andfor

[. positions and/or orlentations pre-determined by consen-
SUS OF COMvention.

7. To demonstrate the position and alignment of the surgeon’s
hands and/or the surgical instruments during a surgical
procedure.

. To predict or demaonstrale the magnitude. direction or dis-
tributionof forces imposed on body tissues, surgical instru-
ments or implanted devices during o surgical procedure.
As described above. the present invenlion is an application

of surgical navigation technologies that allows the quantita-
tive assessment of surgical procedures with reference (o a
preoperative plan. This preoperative plan defines the target
positions and erientations of the instruments and the compo-
nenls relative o the bones. During the operative procedure.
the three-dimensional motions of the bones, the instruments,
and the final implant componeits are tracked as the surgeon
perlorms, without providing any feedback or guidance to the
surgeon during the procedure, The entire procedure is then
reconstrucled in virtnal space to compare the actual culcome
with the idexl outcome. Moreover, by knowing the arientation
of each and every surgical insuwnment. the causes of mal-
alignment ol prosthetic components or soll tissue imbal:nce
can be diagnesed in terms ol the errors in the orientations of
specific instruments. In other words, the exact step at which
errors are introduced inta the procedure can be determined,
and how they propagate and manifest themselves in the final
alignment and soft tissue balance can be tracked.

The [bllowing examples illustrate specific applications ol
the inventive method deseribed herein, The examples are not
intended to limit the scope of the invention, but are imended
tor illustrate the various aspects ol the invention.

20

EXAMPLE |

The fellowing experiment was conducted 10 assess a num-
ber of surgeons with varying skill levels. performing the same
procedure with the sume instrumentation. [Tere. lifleen lower
extremities were harvested from cadaveric donors (ten males.
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five females: average age: 70 years). Anteroposterior and
lateral rudiographs were prepared ol each specimen 1o
exclude cases with evidence of previous trauma, or significant
skelelal pathology. Scans were oblained of each specimen
using a helical scanner (GE Medical Systems) and conliguous
slices of 2.5 mni through the shafts of the tibia and femur with
slices at a thickness of 1.25 mm through the joint. Three-
dimensianal computer models (solid models) of the tibia and
femur. with a dimensional accuracy ol approximately 0.2
nun, were prepared by reconstruction ofthe data derived from
the C'I slices. This procedure was performed using commer-
clally available computer programs (MATERIALIZE,
vended in Belgium).

Using CAD software routines (Unigraphics lne, Cypress,
Calif.). axis systems were developed to define the location
and orientation of the 1ibla and femur from the three-dimen-
sional solid madels. As shown in FIG. 2, for the femur 20. the
true llexionextension axis was [oumd by fitling spheres 13 to
the posterior condy lar surfaces ol'the intact lemur, The line of
best fit through the centroids of cross-sections from the distal
third of the lemur deflined the longitudinal anatomic axis 11.
A line mutually orthogonal to the other two uxes defined the
anterior-posterior axis. The ongin of the femoral coordinate
systent was the point on the longitudinal axis closest to the
tlexion/extension axis. The mechanical axis of the femue was
detined as the axis lying in the plane of the femaoral anatomie
axis and perpendicular o the flexiowexlension axis. As
shown in F1G. 3. the line of best fit through the centroids of
cross-sections from the proximal third of the tibia 21 defined
the longitudinal tibial axis 22. For the medial/lateral axis 23
of the tibia, circles were fit to the cortical edges of the medial
and lateral sides at slices 2, 4.5, and 7 mm distal 1o the tibial
platean. The medial/lateral axis was then calculated by aver-
aging the centers of these circles (FIG. 3). A line nwtually
arthogonal 1o the other two axes defined the anterior/posterior
axis, The origin of the tibial coordinate system was the point
on the medial/lateral axis closest to the longitudinal axis
L'hese axes were utilized to develop a pre-operative plan for
ideal placement of the knee replacement components and
post-operative aligment and balance of the extremity.

l'ollowing, radiographic cvaluation. the fifteen cadaveric
knees were prepared lor implantation ol a PCT-sucrilicing
posterior stabilized toral knce replacement using one standard
set of instruments (Insall-Burstein I, Zimmer). 1he first step
of the procedure involved resection ol the preximal tibia
using a cufting guide mounted on an extramedullary align-
ment jig. An intramedullary alignment rod was then inserled
through a drilled hole within the intercondylar noteh ol the
distal femur. The anterior cutting guide was indexed off of the
anterior lemoral cortex, guiding the resectionol'a preliminary
unlerior cut W avoid notching of the lemur. The distal lemoral
cutting, puide was mounted on the cnt anterior femur and
determined the distal femoral resection. The femur was sized
and the posterior condylar and final anterior cuts were made.
The flexion and extension gaps were checked to deternuine the
need (o recul the distal lemur. The appropriate femaral noteh/
chamfer guide was then pinned 1o the cur distal femvr and
controlled the chamfer cuts and removal of the intercondylar
noteh. The raotational position of the tibia was determined by
pinning the tibial stem template on the cut tibial surface. The
tibial stem punchwas then pounded into the cancellous bone,
crealing the cavily for the stem ol the tibial tray. Filleen
individuals performed the tibial and femoral cuts on the
cadaveric knees: 6 [acully members. 1 tolal joint fellow, 6
orthopedic residents, 1 physician’s assistant. and 1 research
enginger. During implantation, the motion analvsis system
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tracked the three-dimensional motions of the bones. all ol'the
instruments, and the final compenents.

Some interesting results from this example were related to
the ability o cqually balance the flexion and extension gaps.
A well balanced-knee is often considered a primary objective
in lolal knee replacement as sofl Gssue releases and/or re-
cutting bony surfaces are olten performed to achieve equal
balancing. Lo this experiment, gap measurements were taken
with a custom spreader applying 10 Ibs. of opening force at
the midline of the joint while measuring the gap opening and
the rectangularity. Typically, the knee joint opened more an
the lateral edge ol the resected surlace compared (o the medial
cdge. this difference in (the medial-lateral (ML) gap opening)
averaging 2.9+0.5 mm with the knee extended, and 2.420.9
mm with the knee [lexed. However. the average distince
butween the femur and the tibia was significantly larger
{p<0.05) in flexion (19.3£1.8 mm) than extension (14.2+1.4
mm}. FIG. 5 shows the individual surgeon performance
results for soft tissue balancing of cach procedure. The graph
Tn FIG. 5 shows general consensus largel zones where the
centermost zone 30 3s the true goal. the nex( concentric vone
31 is acceptable but suspect laxity, and the outermost zone 32
represents gap imbalances greater than ¢ mun. Analyzing
surgical technique m this manner exemplified the elleet of
experience as 67% of the faculty surgeons were within the
pre-operative targel zomne. As shown i FI1G. 5, for example,
crrors and variability generally increased with decreased
training.

Similarly. the accuracy ol'individual instrument alignment
was quantilied in this experiment. On average. errors in the
insertion point of the intramedullary rod caused it to be posi-
tiened 1.623.2 mm lateral and 1.9:4.0 mm posterior © the
projection of the acwal intramedullary axis on the distal
lfemur. as shown in FIG. 6. In alignment, the mtramedullary
rod was angled 0.3£4.0° anterior (flexion) and 1.0+2.2°
medial (varus) to the anatomic axis. FIG. 6 also shows the
individual surgeon perlormance plot for the identification ol
the comreet insertion point lor the femoeral mtramedullary
guide. This particular metric depends solely on the judgment
of the surgeon, and does not rely on instrumentation, which
may explain the significant variability. particularly in the
anteriot/posterior direction across all skill levels.

FIG. 7 shows a performance plot of the posterior slope ol
the extramedullary tibial cutting guide versus the flexion of
the intramedullary femoral rod in this experiment. The crite-
rig applicd stipulate that the rone of aceeptance of the poste-
rior slope 18 £2° from the objective of 3° posterior slope be
built inle the instrumentation. The criterion for femoral flex-
ion of the intramedullary rod was [rom 1° ol extension 1o 5°
of flexioi. Forty-rwo percent of the surgeons met these crite-
ria.

A system that quantitatively assesses all alignment aspects
of TKA allows objective performance evaluations of the most
critical aspects of the procedure, as shown in this experiment.
For example, FIG. 8 shows a performance plot for two vari-
ables critical to successful wtal knee replacement. Because
healthy knees were used [or this study. a desired alignment
outcome was the restorationof the pre-operative varus/valgus
alignment. The post-operative change was plotted versus the
amount of imbalance in the extension gap. Quantitutive cri-
teria can then be applied to assess performance. For example.
one standard might be that the varus/valgns angle should not
be more than 3 degrees in either direction [rom normal
healthy alignment. and that the difference n the medial and
lateral measurement ol (he extension gap should net be more
than 3 millimeters. Only 25% ol the surgernies surgeries met
these criteria in this experiment
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The present method also quantifies the propagation of vari-
ability throughout the surgical procedure, as demonstrated in
this experiment. The variability in the axial alignment of the
components 1s dominated by the rotational variability of the
tibial tray. which in this instrument sct is aligned with the
tihial tubercle, explaining its average exlenal rotation (FI1G.
9). The graph in FIG. 9 also shows how, on average, exlernal
rotation of the tibial articular surface coupled with newtral
rotation of the femoral component causes a net internal rota-
tion of the limb when reduced in extension.

FXAMPLE 2

On a case by case basis. measuring the alighiment of many
of the instruments during the surgical procedure allows the
identification and tracking of errors throughout the surgery.
The lollowing describes the resulls of one particular surgery
using PCL retaining components and instromentation. The
philasophy of this surgical procedure was a “balanced resec-
tion” technique (FIG. 10). Unlike other techniques. balanced
resection requires equality i the distal and posterior cuts
independemly on the lateral and medial side. The difference
in resection medial to lateral was insignificant. The amount of
rescetion medially and laterally was determined by a fixed
valgus cul ol the lemur distally (dependent on the design ol
the femoral culting gnide and femoral component). Onee this
level was determined in full extension, the amount of resec-
tion of the posterior condyles in tlexion is matched. FIGS.
11-12 quantitatively show the implementation ol this plan,
while FIG. 10 shows the how accurate this technique was
followed with the 45 degree line indicating perfect balanced
resection,

After the cuts were made intraoperatively and the trial
components were positioned, il was [ound that this particular
knee was extremely light in extension and gapping open
excessively medially in flexion. While the actual cause could
nol be determined by the surgeon intraoperatively. the course
of action was a purtial PCL release. FIGS. 13-14 show that
this corrective technique shifted the gap imbalance to accept-
able if not ideal levels. The present method was able to quan-
titatively diagnosis the error that caused this instabiliry. Itwas
determined that this particular specimen had an excessive
natural posterior tibial slope ol 11 degrees. The prevperative
plan was to slightly undercurt the natural slope resulting in 9
degrees of posterior slope in the tibial insert. However, due 1o
the cumbersome technique of adjusting the ankle clamp of
extramedullary tibial guides, the actual cut was 6 degrees
(FIG. 15). This error was the cause of (he inabilily 1o fully
exiend the knee with the trial inserts. While the partial PCT.
release was successtul. a second option was to recut the tibia
as diagnosed by the quantitative bioskills system. FIGS. 16
and 17 display the accuracy ol location and orientation ol the
femoral intramedullary rod and the femaoral anteroposterior
cutting, block, respectively.

EXAMPLE 3

The present method was also applied to total hip replace-
ment. FIG. 18 shows the rotational orientation of the acetabu-
lar reamer. This particular surgery [ell cutside aceeptable
range in terms of retational offset resulting in significant
retroversion of the prepared acetabular surface. FIG. 19
shows (hal when seated, the cup did reach the intended posi-
tion. On the femoral side. FIG. 21 shows the positional mala-
lignment of the entry point {or the start awl. Finally. FIG. 20
shows the combined eflect of the posilional and rotational
placement of the implanted components in terms of the pre-

149



US 7,427,200 B2

13

dicted range of motion ol the reconstructed joint. The graph in
F1G. 21 shows the combinations ol hip flexion and hip adduc-
tion that may have a higher propensity for impingement.

We claim:

1. A method suitable for analyzing surgical techniques.

satd method comprising:

a. penerating three-dimensional conmputer models of ortho-
pedic devices, said devices selected Irom the group ol
orthopedic instruments and iniplants. wherein data cor-
responding to said models is stored in a memory system
of a computer,

. generating three-dimensional models ol a tangeted sur-
gical site on a body portion based upon tomographic
data stored in the memory system [or the surgical site;

. inputting into said memory select target values corre-
sponding to one of more measurable techuical param-
elers associaled wilh said surgical procedure, said
paramelers selected [rom the group consisting ol three-
dimensional positioning and dimensions of bones,
three-dimensiomal positoning wnd dimensions of solt
tissue structures. three-dimensional positioning and
dimensions of said orthopedic devices for surgery, and
predicted values corresponding Lo range and lorces asso-
ciated with physiologic joint motion and joint laxity:

=3

<]

d. attaching one or more tracking devices to said body near =

said larget surgical site, said tracking devices opera-
tively in communication with said computer systeny:

¢ performing a surgical procedure on said target surgical
sile;

f. communicating tracking data generated during said sur-
gical procedure to said computer system:

g. caleulating actual values based upon said tracking data,
suid actual values corresponding (o said  technical
parameters set for the surgical procedure; and

h. comparing said target values and said actual values ol
said technical parameters afler performing said surgical
procedure,

2. 1 he imethod of claim 1 further comprising recording data
gencrated during said surgical procedure via said tracking
devices for storage of said data onto said computer memory
system, said data selected lrom the group consisting of posi-
tioning, of said orthopedic devices. bones, and soft tissue
strucrures.,

3. The method of claim 1 lurther comprising utilizing said
comparison of said target values and said actal values as a
training tool.

4. The method ol claim 3 lurther comprising generaling a
final three-dimensional model corresponding, (o said tiree-
dimensional models of said orthopedic devices and body
portion post-surgery. said final model showing actual
responses of anatomical featares to loading forees based upon
satd actual values calenlated as compared 1© predicled
respunses of said anatemical lealures L loading [orees based
upon said target values inputted. said anatomical features
selected from the group consisting of bones and soft tissue
SIrUCtures.

5. The method of elaim 4, wherein said actual and predicted
responses to said loading forces displayed on said final three-
dimensional model are seleeted from the group consisting off
a) geometry of space between resected bony surfaces, b)
overall position ofa bone or extremilty, ¢) changes in leng(h of
& bone orextremity, d) magnitude or distribution ol mechani-
cal axes, ¢) magnitude or distribution of anatomic axes, 1)
positions selected by a surgeon, and e) positions pre-deter-
mined by consensus or convention within a surgical commu-
nity,
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6. The method of claim 5. wherein said final three-dimen-
sional model is used to evaluate perlonmunce characteristics
of one or more of said arthopedic devices during said surgical
procedure.

7. The method of claim 5. where said final three-dimen-
sional model is used as a surgical raining tool for understand-
ing errors and reasons for said ervors that ocewrred during said
surgical procedure.

8. The method of claim 5. wherein said final three-dimen-
sional model is used 1o evaluate performance characteristics
of one or more of surgical techniques used during, said surgi-
cal procedure.

9. A methad suitable for analyzing surgical technigues,
said method comprising:

- generating three-dimensional conputer madels of ortho-
pedic devic aid devices selected [rom the group off
orthopedic instruments and implants. wherein data cor-
responding to said models is stored in a memory system
ol'a computer:

. generating three-dimensional models of a targeted sur-

gical site on a body portion based upon tomographic

dala stored in the memory system lfor the surgical sile;

inputting inte said memeory select target values corre-
sponding to one or more measurable technical param-
elers associated with said surgical procedure, said
parameters selected from the group censisting of three-
dimensional positioning and dimensions of bones,
three-dimensional positioning and dimensions of soft
tissue structures, three-dimensional positioning and
dimensions ol said orthopedic devices for surgery, amd
values corresponding to range and loading forees asso-
ciated with physielogic joint motion and joint laxity;

. altaching vne or more tracking devices 1o said body
portion, suid tracking devices operatively in communi-
cation with said computer systeni:

. perlorming a surgical procedure on said target surgical
site:

[ communicaring tracking data generated during said sur-
gical procedure to said computer systen:

. caleulating actual values based upon said tracking data,
said actual values corresponding 1o said technical
parameters set for the surgical procedure;

©
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Iraining a surgeon alier the surgery by reviewing the
caleulated actual values and the target values corre-
sponding to said technical parameters.

10. The method ol claim 9@ sherein (raining the surgeon
lurther comprises comparing suid target values and said
actual values of said technical parameters after perforning
said surgical procedure.

11. The method ol claim 9 further comprising recording
data generated during said surgical procedure via said track-
ing devices for storage of said data onto said computer
menory system. said data selected from the group consisting,
of positioning of said orthopedic devices, bones, and soft
Lissue struclures.

12. The method of elaim 11 further comprising generating
a graph for comparing one or more of said actual valves w
suid target values.

13. The method of claim 12, wherein said graph comprises
an X-axis and a Y-axis. cach of said axes corresponding to a
range of technical parameters, said graph further including
one ar more visual targel zones corresponding 1o an accept-
able range of said target values. and wherein said actual
values calculated for said technical parameters labeled on
suild axes are visually plotted on said graph either within or
outside said one or more target zones.
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14. The method ol claim 13, where said final three-dimen-
sional model 1s used as a surgical training ool [orunderstand-
ing errors and reasons forsaid errors that occurred during said
surgical procedure.

15. The method of claim 13, wherein said final diree-
dimensional medel is vsed to evaluate performance charac-
teristics ofone ormore of said orthopedic devices during s
surgical procedure,

16. [he method of claim 13, wherein said final tree-
dimensional medel is used to evaluate performance charac-
teristics of one or more of surgical technigues used during
said surgical procedure.

17. A method suitable for analyzing surpical techniques,
said method comprising:

4. generating three-dimensional computer models al'ortho-
pedic devices, said devices selected from the group of
orthopedic nstruments and implants. wherein data cor-
responding to said models is stored in a memory system
of a computer;

b. generating three-dimensional medels of a targeted sur-
gical sitc on a body portion based vpon omographic
data stored in the memory system lorthe surgical site: pl
. inpulling into said memory select target values corre-
sponding to one or more measurable technical param-
eters associated with said surgical procedure, said
parameters selected [rom the group consisting ol three-
dimensional positioning and dimensions of bones.
three-dimensional positioning and dimensions of soft
tissue structures. three-dimensional positioning and
dimensions of said orthopedic devices for surgery, and
values corresponding to range and loading forces asso-
clated with physiologic joint motion and joint laxity;

d. attaching one or more tracking devices o said body
portion. said (racking devices aperatively in communi-
cation with said computer system.

¢ performing a surgical procedure on said target surgical

sile;

. recording data during said surgical procedure via said
tracking devices for storage of said data ento said com-
puter memory system, said data selected from the group
consisting ol positioning ol said onthopedic devices.
banes, and soft tissue structures;

-,

caleulating sctual values based upon said tracking data.
said actual values corresponding to said technical
parameters set for the surgical procedure: and
comparing said target values and said actual values of
said technical parameters after performing said surgical
procedure.

na
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18. The method ol claim 17, wherein said body portion is
an inanimatc anatomical model.

19. The method of claim 17, wherein said body portion is
from a cadaver.

20. The method ol claim 17. wherein said body portionis a
live patient.

21. 1he method of claim 17 further comprising wtilizing
said comparison of said target values and said actual values as
a training tool.

22. The method of claim 21 lurther comprising:

comparing said actual values from two or more surgical

procedures (o said target values 1o determine oplimal
positioning ol said surgical instrumenis with respect to
said bones and soft tissue structures of future target
surgical sites in order o crealing a preoperative surgical
plun based upon said determination ol optimal position-
ing.
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23, The method ol claim 21 further compromising:

generaling a [inal model corresponding to said models of
said surgical devices and bady portion post-surgery, said
final model showing actal positions compared to tar-
geled positions of sald devices wilh respect 1o selecled
anatomical leatures within said targeted surgical site ol
said body. wherein said actval positions cotrespond 1w
said actual values calculated and said targeted positions
correspond to said target values inputted.

24. 'The methed of claim 21 further comprising generating
a final three-dimensional model corresponding o said three-
dimensional models of said orthopedic devices and body
portion post-surgery, said final model showing actual posi-
tions compared o targeted positions of said orthopedic
devices with respect to sclected anatomical features within
said targeted surgical site of said body portion. said anatomi-
cal features selected from the group consisting of bones and
solft tissue structures, and wherein said aclual positions cor-
respond 1o said actual values caleulated and said targeted
positions correspond to said target values inputted.

25. The method of claim 24, wherein said final three-
dimensional model shows ditferences between a) actual posi-
tions ol said orthopedic devices with respect Lo said anatomi-
cal features and b) target positions of said orthopedic device
with respeet to sald anatomical features. said tareet positions
delined by one or more of the group consisting ol 1) [ixed
anatomic landmarks. ii) derived mechanical axes, 1ii) derived
anatomic axes. iv) positions selected by a surgeon. and v)
positions pre-determined by consensus or convention within
a surgical community.

26, The method of claim 25. where said final three-dimen-
sional model is used as a surgical raining ool for understand-
ing errors and reasons for said errors that occurred during said
surgical procedure.

27, 'The method of claim 25, wherein said final three-
dimensional mode] is used to evaluate performance charac-
teristics of one or more of said orthepedic devices during said
surgical procedure.

28. The method of claim 25. wherein said final three-
dimensional model] is used to evaluate performance charac-
teristics of one or more of surgical techniques used during,
said surgical procedurs

29. Ihe method of claim 21 further comprising:

comparing said target values and said actual values of said

technical parameters for at least one of said procedural
steps by generating a final three-dimensional model cor-
responding (o said three-dimensional models ol said
orthopedic devices and body portion post-surgery. said
final model showing actual positions of said orthopedic
devices with respect to said body to targeted positions of
said devices with respect to said body for at least one of
said procedural steps. said actual positions correspond-
ing to said actual values calculaled, and said targeled
positions carresponding, to said target values inputted.

30, The method of claim 29. wherein said final three-
dimensional model shows differences between a) actual posi-
tions ol said orthopedic devices with respeet to said anatomi-
cal features and b) target positions of said orthopedic device
with respect 10 anatomical features, said tarpet positions
defined by one or more of the group consisting ol 1) [ixed
anatomic landmarks. ii) derived mechanical axes. 1ii) derived
anatomic axes, iv) positions selected by a sungeon, and v)
positions pre-determined by consensus or convention within
a surgical community.
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3. The method ol claim 30, where said final three-dimen-
sional model is used us a surgical raining ool lor understand-
ing errors and reasons for said errors that oceurred during said
surgical procedure.

32. The method of claim 30, wherein said final three-
dimensional moedel is used to evalvate performance charac-
teristics ofone ormore of said orthopedic devices during said
surgical procedure.

33. The method of ¢laim 21 [urther comprising generating
onc ot more graphs for comparing one or more actual values
to said target values.

34."The method of ¢laim 33, wherein said graph comprises
an X-axis and a Y-axis. cach of said axes cotresponding to a
range of technical parameters, said graph forther including
one or more visual largel zones corresponding (o an accepi-

18

able range ol sald target values. and wherein said actual
values calculated for said technical parameters labeled on
said axes are visually plotted on said graph either within or
outside said one or more target zones.

35 The method of claim 34. wherein said cach of said two
or more surgical procedures are identical, each performed by
dilterent individuals, such that upon lurther analysis of said
eraph, individual surgical performances of @ach of said indi-
viduals may be compared.

36. The method of claim 33. wherein said cach of said two
or more surgical procedures are identical, each performed by
dilferent individuals, such that upon lurther analysis of said
graph. individual surgical performances of cach of said indi-
viduals may be compared.
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Appendix | — Dr. Mathis Curriculum Vitae

CURRICULUM VITAE

Kenneth B. Mathis, M.D.

A. GENERAL INFORMATION

Office Address: 6550 Fannin, #2500
Houston, TX 77030
Office Telephone: 713-441-3740
Office Fax: 713-790-2141
Home Address: 6443 Vanderbilt
Houston, TX 77005
Home Telephone: 713-666-9447
Cell Phone: 713-702-0078
Beeper: 713-268-0848
Email: kbmathis@aol.com
Citizenship: USA

Optional Information:

Birth Date: February 3, 1960
Birthplace: Houston, Texas
Marital status: Married
Spouse's Name: Kimberly
Children's names and ages: Scott 7/1/94

Bradford 2/1/92

Race/Ethnicity: Caucasian




B. EDUCATIONAL BACKGROUND

Degree Institution name, city and state Dates Attended

Awarded

B.S. Baylor University 1978-1981
Waco, TX

M.D. The University of Texas Health Science Center 1981-1985
Southwestern Medical School
Dallas, TX

. PROFESSIONAL POSITIONS AND EMPLOYMENT
Post-doctoral training including residency/fellowship
Title Institution Name, city and state

General Surgery Internship University of Missouri
Columbia, Missouri

Qrthopedic Louisiana State University
Surgery Residency Shreveport, Louisiana
Adult Reconstruction & Baylor College of Medicine
Total Joint Arthroplasty Houston, TX

Fellowship, Orthopedic Surgery

Academic positions (teaching and research)

Title Institution Name, city and state
Assistant Professor Baylor College of Medicine
Department of Crthopedic Houston, TX

Surgery

Section Chief Baylor College of Medicine
Department of Crthopedic Houston, TX

Surgery Joint Replacement

Director of Adult Baylor College of Medicine
Reconstruction Houston, TX

Fellowship Program

Hospital positions ending physician, if applicable

Title Institution Name, city and state
Chairman The Methodist Hospital
Department of Crthopedics Houston, TX
Active Staff The Methodist Hospital
Qrthopedic Joint Replacement Houston, TX
Chief of Orthopedic Surgery V.A. Medical Center
Attending Surgeon V.A. Medical Center

Houston, TX

Year

1996

1985

Dates

1985-1986

1986-1990

1980-1991

Dates

1991-2005

2000-2005

2000-2005

Date

2005-present

1991-present

1986-2001

2001-present
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Employment (other than positions listed above)

Title Institution Name, city and state Dates
M.D. Hopestar Orthopedic Group, LLP 1/97-3/02
Houston, TX

LICENSURE., BOARD CERTIFICATION. MAIL PRACTICE (if applicable

Licensure

State Number Date of lssue Date of last registration
Texas HOB810 1986 2-05

Louisiana MD.07317R 1986 2-05

Arizona 27891 1999 2-05

DEA Number: BM0505555

Board Certification

Name of specialty Board Certificate Number Date of Certification
American Board of Orthopedic Surgery Written 1990 Oral 1993
American Board of Orthopedic Surgery Recertification 1/2004

Malpractice Insurance

Do you have Malpractice insurance? YES
Name of Provider: The Methodist Hospital Corporate Risk & Insurance Department

Premiums paid by: The Methodist Hospital

PROFESSIONAL MEMBERSHIPS (medical and scientific societies)

Member/officer Name of Organization Dates held
Member American Medical Association 1985-present
Member American Academy of Orthopedic Surgeons 1980-present
Member Texas Orthopedic Association 1991-present
Member Harris County Medical Society 1891-present
Member Houston Orthopedic Society 1993-present
Diplomat American Board of Professional Disability 1995
Consultants
Member Southern Qrthopedic Association 2003-present
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F. HONORS AND AWARDS

Name of award Date awarded

M.D. Anderson Hospital Summer Research Program 1978

Baylor University, Waco, TX 1979-1981

Alpha Chi Honor Society

Baylor University, Waco, TX 1980-1981

Student Congress Representative

Baylor University, Waco, TX 1981

Dean's Distinguished Academic Honor Roll

Student Delegate Texas Medical Association 1984-1985

Baylor University, Honors Program: Summa Cum Laude 19986

Listed in “Best Doctors in America” 2001-2002
2003-2004
2004-2005

11" Annual Insall Award 2008

Title: “Factors Affecting Patient Satisfaction with Total Knee Arthroplasty”

Knee Society Educational Committee
John Callaghan, MD = Program Chair

G. INSTITUTIONAL/HOSPITAL AFFILIATION

Primary Hospital Affiliation: The Methodist Hospital

Other Hospital Affiliations:  Veteran's Affair Medical Center Hospital,
St. Luke's Episcopal Hospital
Memorial Southeast Hospital
Clear Lake Regional Hospital

Other Institutional Affiliations: Baylor College of Medicine

H. EMPLOYMENT STATUS
Name of Employer(s): The Methodist Hospital Physician Organization
Employment Status: Full time salaried at Cornell-affiliated hospital

CURRENT AND PAST INSTITUTIONAL RESPONSIBILITIES AND PERCENT EFFORT

Teaching (list courses and your role) Dates
Baylor College of Medicine 2003-2004

Department of Crthopedic Surgery
Total Joint Conference



Department of Orthopedic Surgery
Baylor College of Medicine
Orthopedic Grand Rounds

Arthritis Surgery Core Lecture Series
Department of Orthopedic Surgery
Baylor College of Medicine

Ongoeing Lectures to Medical Students

Director of Adult Reconstruction Fellowship Program
Baylor College of Medicing

Clinical Care

Orthopadic Surgeon/The Methodist Hospital
QOffice Consultations

Surgery

Hospital Consultations/Post-operative care

On-Call Coverage

Orthopedic Surgeon/Baylor College of Medicine
Office Consultations

Surgery

Hospital Consultations/Post-operative care

On-Call Coverage

Ornthopedic Surgeon/Hopestar Orthopedics Group, LLP
Office Consultations

Surgery

Hospital Consultations/Post-operative care

QOn-Call Coverage

Administrative duties (including committees)
Orthopedic Surgery Service Meeting Chair
Physician Advisory Group Committee

Executive Committee Meeting

Academic Council Committee

2™ Annual Discovery Forum Committee
1* Annual Discovery Forum Committee
Baylor College of Medicine Advisory Committee

West Pavilion OR Subcommittee

Onthopedic Care Management Performance Improvement
Subcommittee Chair

The Leading Medicine Advisory Board

2002-2005

2002-2005

2000-2005

Dates

2005-present

2002-2005

19897-2002

Dates
2004-present
2004-present
2004-present
2004-present
2004-present
2003-2004
2003-2004
2003-present

2003-present

2003-present
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Residency Review Committee
Resident Research Committee
Records Committee
Section Chief, Department of Orthopedic, BCM
Baylor College of Medicine Journal Club
Dunn QR Subcommittee
Pharmacy & Therapeutics Committee
Research
Current percent effort %

Teaching 10

Clinical Care 40

Administration a5

Research 15
Total: 100%

|, BESEARCH SUPPORT (past and present)

Source Amount  Date
“METASUL System in $5,000 August 1995
Cementless Total Hip

Arthroplasty Study” 101 #0111

Principle investigator, recruited patients, performed surgeries as well as follow up. 100% effort.

Source Amount Date
“Amulticenter, randomized, $5,000 June 1996
parallel, assessor-blind, dose

ranging study of subcutaneous SR

90107A/ORG 31540 with a

comparative control group of

subcutaneous LMWH in the

prevention of deep vein

thrombosis after elective total hip

replacement” Protocol DRI 2642

Principle investigator, recruited patients, performed surgeries as well as follow up. 100% effort.

Source Amount Date
Howmedica Inc. $3680,000 1996 - 1999

Development and Implementation
of Computer-Based System for
Measurement and
Documentation of Patient
Outcomes after Total Joint

2002-present
2002-present
2001-2003
2000-2005
1998-2003
1997-2001
1997-present

Dates

Name of Principal Investigator
Kenneth B. Mathis, M.D.

Name of Principal Investigator
Kenneth B. Mathis, M.D.

Name of Principal Investigator
Co-Investigator
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Source Amount Date Name of Principal Investigator
“H#5534-A Retrospective $0 December 1996- Kenneth B. Mathis, M.D.
Review of Constrained Total Hip December 1997

Arthroplasty To Evaluate Long
Term Qutcomes”

Principle investigator, recruited patients, performed surgeries as well as follow up. 100% efffort.

Source Amount Date Name of Principal Investigator

“An Open-Label, Randomized, $3,000 August 1997 Kenneth B. Mathis, M.D.
Parallel-Group Study Comparing

the Pre-operative Administration

on Procrit {Epoetin Alfa) to the

Standard of Care in Blood

Conservation in Primary Total

Hip “Reconstruction”

Frinciple investigator, recruited patients, performed surgeries as well as folfow up. 100% effort.

Source Amount Date Name of Principal Investigator
“A MultiCenter, Multinational $10,000 December 1998 Kenneth B. Mathis, M.D.
Randomized Double Blinded

Comparison of Subcutaneous

SR90107A with Enoxaparin in the

Prevention of Deep Vein

Thrombosis and Symptomatic

Pulmonary Embolism After

Elective Hip Replacement or

Revision Total Hip Replacement:

{phase 3 clinical trials)

Frinciple investigator, recruited patients, performed surgeries as welf as folfow up. 100% effort.

Source Amount Date Name of Principal Investigator

“Kinematic and Kinetic Analysis of  $150,000 December 1998  Kenneth B. Mathis, M.D.
Total Knee Arthroplasty Under
Dynamic Conditions”

Performed procedures on cadavers, recruited patients with implants and assisted in analyzing data.

Source Amount Date Name of Principal Investigator
Sulzer Medica Inc. $150,000 2000 Co-Investigator

Kinematic Benchmarking of TKA
Performance (LCS vs. NKII vs.
NexGen PS)
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Source Amount Date Name of Principal Investigator
Zimmer Inc. $750,000 2003-07 Co-Investigator

The Biomechanics and Functional
Performance of Total Knee
Replacements.

Source Amount Date Name of Principal Investigator
The Methodist Hospital $125,000 2004 Co-Investigator

The Biomechanics of Minimally
Invasive Total Hip Replacement.

K. EXTRAMURAL PROFESSIONAL RESPONSIBILITIES

Co-chairman for the 1* Annual Discovery Forum, Minimally Invasive Surgery Conference held in
Houston, Texas September 2004, The conference was attended by physicians form around the
world and broadecasted live in Mexico City to a panel of distinguished orthopedic surgeons. The
event was jeintly sponsored by the Institute of Ornthopedic Research and Education and The
Methodlist Hospital.

Co-chairman for the 2™ Annual Discovery Forum, Tissue Sparing Treatment of Degenerative
Joint Disease, held in October 2005, The discovery forum included live surgeries and surgical

bioskills demonstrations that were broadcast to five international sites, Mexico, Spain, Turkey,
Chile, and Saudi Arabia.

L. BIBLIOGRAPHY

Published in Referred Journals

1. “Limitations of Qualitative Angiographic Grading in Aortic & Mitral Regurgitation”
Croft, G. H.; Libscomb, K.; Mathis, K.B.; Firth, B.G.; Nicod, P.; Titton, G; Winifred, M.D.; and
Hillis, L.D.The American Journal of Cardiclogy 53: 1593-1598, 1984

2. “What Functional Activities are Important to Patient’s with Knee Replacements?”
Woeiss, J.M., Noble, P.C., Conditt, M.A., Kohl, HW., Roberts, 8., Coock, K.F., Gordon, M.J.,
Mathis, K.B. Clinical Orthopedics 2002 Nov ;{404): 172-88

3. “What Functional Activities Are Important to Patients With Knee Replacements?”
Weiss, J.M., Noble, P.C., Conditt, M.A, Kohl, HW., Roberts, S., Cook, K.F., Gordon, M.J.
Mathis, K.B. Clinical Orthopedics 2003 Nov; (416): 120-8

4, “Extraarticular Abrasive Wear in Cemented and Cementless Total Knee Arthroplasty”
Noble, P.C., Conditt, M.A., Thompson, M.T. Stein, J.A., Kreuzer, S., Parsley, B.S., Mathis,
K.B. Clinical Orthopedics2003 Nov; (416): 120-8

5. “Computer Simulation: How can it help the Surgeon Qptimize Implant Position?”
Noble, P.C., Sugano, N., Johnston, J.D., Thompson, M.T. Conditt, M.A., Engh, C.A., Sr.,
Mathis, K.B. Clinical Orthopedics 2003 Dec; (417): 242-52.Review



6. “Wear Damage of Patellar Components in TKA”
Conditt, M.A., Noble, P.C., Allen, B., Shen, M., Parsley, B.S., Mathis, K.B.
Journal of Bone and Joint Surgery 2004

7. Does Total Knee Replacement restore Normal Knee Function?
Noble, PC, Gardon MJ, Weiss JM, Reddix RN, Conditt MA, Mathis, KB Clin Orthop Relat
Res. 2005 Feb; {431): 157-65.

8. Cracking and impingement in ultra-high-molecular-weight polyethylene acetabular liners.
Birman MV, Noble, PC, Conditt MA, Li S, Mathis KB J Arthroplasty. 2005 Oct; 20(6
Suppl 3):87-92.

Books, Book Chapters and Reviews

1. “An Onhopedic Perspective of Osteoporosis” Heggeness, M.D. and Mathis,
K.B.,Osteoporosis, 1097-1111,1996, Academic Press

2. “Pre-operative Templating in Revision THR” Mathis, K.B.; Noble, P.C.; Tullos, H.S.
Revision Total Hip Arthroplasty Bierbaum BE, Bono JV, McCarthey JC, Thornhill TS, Turner
MD (editors. Springer, New York Inc., 1999

3. “An Onthopedic Perspective of Osteoporosis” Heggeness, M.D. and Mathis,
K.B.,Osteoporosis, Second Edition, Academic Press,2001

1. “A Computerized Bioskills for Surgical Skills Training in Total Knee Replacement”
Michael Conditt, PhD; Philip C. Noble, PhD, Matthew T. Thompson, MD, Sabir K. Ismaily, BS,
Gregory L. Moy, BS, Kenneth B. Mathis, MD

Abstracts:

1. Is an Initial Postoperative Radiograph Necessary for Radiographic Measurement of
Acetabular Wear in THR. Sugano N, Mathis MB, Kamaric E, Inkofer HE, Kadakia N, Noble
PC. Orthopaedic Transactions, 22:1:271, 1998

2. The Reliability of Distal Fixation in Total Hip Replacement, Noble PC, Alexander JW,
Atchison SM, Paravic VP, Kamaric E, Mathis KB, International Society for Technology in
Arthroplasty, 13" Annual Symposium, Berlin, Germany, September 20-23, 2000,

3. Physical Activity After Total Knee Replacement (TKR): What is important to the
patient?, Noble PC, Weiss JM, Kohl HW, Mathis KB, Roberts S, Parsley BS International
Society for Technology in Arthroplasty, 13" Annual Symposium, Berlin, Germany, September
20-23, 2000.

4. The Reliability of Distal Fixation in Total Hip Replacement, Noble PC, Alexander JW,
Atchison SM, Paravic VP, Kamaric E, Mathis KB, International Society for Technology in
Arthroplasty, 13" Apnual Symposium, Berlin, Germany, September 20-23, 2000.

5. Pilot Study: Application of Visualization Technology to Quantify Bioskills in TKR,
Noble PC, Conditt MA, Thompson MT, Ismaily SK, Moy GdJ, Mathis KB. Dorr LL Crthopedic
Research Society, San Francisco, California, February 25-28, 2001

6. Kinamatic Benchmarking of TKA Performance (LCS vs NKIl vs NexGen PS), Noble PC,
Conditt MA, Thompson MT, Mathis KB, Parsley BS American Academy of Crthopedic
Surgeons, San Francisco, California, February 28-March 4, 2001.
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7. The Reliability of Distal Fixation in Total Hip Replacement, Noble PC, Alexander JW,
Atchison SM, Paravic VP, Kamaric E, Mathis KB, 68" Annual Meeting, American Academy of
Orthopedic Surgeons, San Francisco, California, February 28-March 4, 2001,

8. Functional Qutcomes of TKA: What is Imlportant to the Patient? Noble PC, Conditt MA,
Weiss JM, Mathis KB, Olson S, Cook K,11" Annual Meeting, American Association of Hip
and Knee Surgeons, Dallas, Texas, November 8-11, 200

9. Pilot Study: Application of Visualization Technology to Quantify Bioskills in TKR,
Noble PC, Conditt MA, Thompson MT, Ismaily SK, Moy GJ, Mathis KB. Dorr L, 89" Annual
Meeting, American Academy of Crthopedic Surgeons, Dallas, Texas, February 13-17, 2002.

10. Computer Assisted Surgery (CAS): New Tools for Minimally Invasive Approaches: CAS
Tools for Training and Research, Noble PC, Conditt MA, Thompson MT, Paravic V, lsmaily
SK, Moy GJ, Mathis KB Orthopedic Research Society/American Academy of Orthopedic
Surgeons Combined Day Symposium, New Orleans, Louisiana, February 5, 2003

11. A Quantitative Comparison of Two Alternative Incisions for MIS Hip Replacement,
Noble PC, Thompson MTT, Mathis KB, Heinrich M, Alexander JW, lsmaily SK, Johnston JD,
International Society for Technology in Arthoplasty, San Francisco, California, September 22
- 27,2003

12. To What Extent Does Total Knee Replacement (TKR) Restore the Normal Function of
the Knee, Noble PC, Gordon MJ, Weiss J, Mathis KB, Condit MA, International Society for
Technology in Arthoplasty, San Francisco, California, September 22 — 27, 2003

13. Which Physical Activities Should We Recommend After TKA, Noble PC, Weiss J, Kohl
W, Mathis KB, Dorr L, 13‘“, Annual Meeting, American Association of Hip and Knee
Surgeons, Dallas, Texas, October 31 — November 2, 2003,

14. The Mechanics of Minimally Invasive Hip Replacement, Thompson MT, Noble PC, Mathis
KB, Heinrich M, Ismaily SK 71, Annual Meeting American Academy of Orthopedic
Surgeons, 8an Francisco, California, March 10-14, 2004 Paper #209.

15. The Mechanics of Minimally Invasive Hip Replacement Surgery (Modified with The
Mobility of Single Incision in MIS), Heinrich IV]I Noble PC, Thompson MT, Mathis KB,
1h

Alexander JW, Ismaily SK, Johnston JD, The 77" Annual Congress, Japanese Orthopedic
Association, Kobe, Japan, May 20-23, 2004,

16. Anterior Impingement After THR; The Role of Implant Placement and The Level of The
Femoral Neck Osteotomy, Thompson MT, Noble PC, Johnston JD, Okawa T, Mathis KB,
The 77" Annual Congress, Japanese Orthopedic Association, Kobe, Japan, May 20-23,
2004,

17. Cracking and Impingement in UHMWPE Acetabular Liners, Noble PC; Birman MV,
Johnston JD; Alexander JW; Li S; Mathis KB 14™ Annual Meeting American Association of
Hip and Knee Surgeons, Dallas, Texas, November 5-7, 2004,

18. A Computerized Bioskills System for Surgical Skills Training in Total Knee
Replacement, Conditt MA; Noble PC; Thompson MT; Ismaily SK; Mathis KB; 72" Annual
Meeting, American Academy of Orthopedics Surgeons, Washington, DC - February 23-27,
2005, Paper No: 068

19. Cracking and Impingement in UHMWPE Acetabular Liners, Birman MV; Noble PC;
Johnston JD; Alexander JW; Li S; Mathis KB; Orthopedic Transactions, 30:09,2005

20. Factors Affecting Satisfaction with Knee Function After TKR, Noble PC, Conditt MA,
Mathis KB, Orthopedic Transactions,30:168 ,2005

Invited lectures, presentations, research seminars:

Experience with Interlocking Intramedullary Nailing of Femoral Shaft Fractures
At LSUMC Shreveport, LA 1983-1986

10
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Louisiana Orthopedic Association Annual Meeting
Shreveport, Louisiana 1987

Fractures of the Femur Treated with Interlocking Nails at LSMU- Shreveport
Annual LSU Orthopedic Alumni Weekend
Shreveport, Louisiana 1987

A Comparison of Distal Fixation Methods in Intramedullary Tibial Nails
Annual LSU Orthopedic Alumni Weekend
Shreveport, Louisiana 1988

Seventeen Year Survivorship Analysis of Effects of Heterotopic Bone Formation on Total Hip
Arthroplasty

Annual LSU Qrthopedic Alumni Weekend

Shreveport, Louisiana 1989

Use of the Stanisavljevic Procedure in Congenital and Developmental
Dislocations of the Patella

Annual LSU Orthopedic Alumni Weekend

Shreveport, Louisiana 1990

“Use of Constrained Acetabular Components in Total Hip Replacement”
Joint Medical Products

San Antonio, Texas

QOctober 1994

“Lower Extremity Amputations”

Basic Science Gourse in Vascular Surgery

Houston, Texas

April 1995

American Academy of Orthopedic Surgeons, 63" Annual Meating
Atlanta, Georgia

February 1996

Hip Society - Specialty Day

San Francisco, California

February 1997

American Academy of Orthopedic Surgeons, 64" Annual Meeting
San Francisco, California

February 1997

XIV National Congress of Orthopedics and Traumatology
Merida, Yucatan, Mexico
October 1997

Arthritic Hip, Knee and Shoulder Course 1998
The University of South Florida College of Medicine
Park City, Utah

American Academy of Orthopedic Surgeons, 65" Meeting
New Orleans, Louisiana
March 1998

13" Annual Combined Orthopedic Symposium

Honolulu, Hawaii
April 1998

11



Harris Hip Course

Harvard University September 1998

American Academy of Orthopedic Surgeons, 66" Annual Meating
Anaheim, California

February 1999

Hip, Knee, and Shoulder Symposium
Park City, Utah
March 1999

Total Knee, Hip and Shoulder Arthroplasty Workshop
Pinehurst, North Carolina

April 1999

Techniques in Arthritis Surgery, 6" Annual Masters Series
Pasadena, California

April 1999

The Hip, Knee & Shoulder Symposium
"Revision Total Hip Replacement”
Park City, Utah

July 1999

Chandeleur Island Meeting

Knee and Hip Arthroplasty Workshop

"Use of Grit Blast Titanium in Revision Total Hip Arthroplasty”
Venice, Louisiana

October 1999

Total Joint Arthroplasty

"Primary and Revision Surgical Technigues”
Phoenix, Arizona

October 1999

Metasul Hip Presentation
Dallas, Texas
November 1989

"New Advances in Medical and Surgical Treatments of Arthritis”
Houston, Texas

January 2000

"Total Joint Arthroplasty: Revision Surgical Techniques”
Tampa, Florida

February 2000

“Contemporary Treatment of Revision Hip Arthroplasty”
New York, NY
December 2000

Hip, Knee, Shoulder Symposium
“Cementless Revision: Long Stems”
Park City, Utah

March 2001

LSU Health Science Center
“Why Do Hips Still Dislocate?”

12
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“Approaching Revision Hip Replacement from Stability”
Shreveport, Louisiana
May 2001

Current Techniques in Arthroplasty

“Prevention and Treatment of the Over Lengthened Leg”
“Management of Fractures about Total Hip Implants
Key Largo, Florida

June 2001

11" Annual Total Knee, Hip and Shoulder Arthroplasty Seminar
“Patella Femoral Complications. Keep it on Track”

“Why Do Hips Still Dislocate?”

Beaver Creek, Colorado

August 2001

31* Annual Fall Hip Course
“Precedent Revision Stems”
Boston, Massachusetts
Qctober 2001

Excellence in TJR Qutcomes: Focus on Design and Techniques
“Approaching Revision Hip Arthroplasty from Stability”

Newport Beach, California

November 2001

Excellence in Revision: Contemporary Treatment of Revision Knee Arthroplasty

“Mechanisms of Failure in TKA”

“Management of Collateral Ligament Insufficiency”
New York City, New York

December 2001

American Academy of Orthopedic Surgeons, 69" Annual Meeting
Dallas, Texas
February 2002

The 2002 Hip, Knee & Shoulder Symposium
Park City, Utah
March 2002

The 75" Annual Meeting of the Japanese Orthopaedic Association
Asia-Pacific Orthopaedic Meeting

Okayama, Japan

May 2002

12™ Annual Total Knee, Hip and Shoulder Arthroplasty Seminar
“Blood Serum Levels with Metal-on-Metal”

“Less is Better: MIS Straight from the Hip”

“Mastering the Revision Hip"

Raleigh, North Carolina

June 2002

Excellence in TJR Qutcomes: MIS Techniques Meeting
“Adapting Minimally Invasive Total Hip Replacement”
Dana Point, California

November 2002

13
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Scientific Seminar/Live Surgery
Queensland Medical Board
Queensland, Australia

January 2003

American Academy of Orthopedic Surgeons, 70" Annual Meeting
MNew Orleans, Louisiana
February 2003

The 33" Annual Meeting of the Japanese Society for Replacement Arthroplasty

“The Effect of Implant Design on the Kinematic Performance of Total Knee Replacements”
“lon Release in Metal-On-Metal Couplings in THR”

Oita, Japan

February 2003

The 2003 Hip, Knee & Shoulder Symposium
“MIS Primary Knee”

“Metal on Metal THA"

“Distal Fixation”

Park City, Utah

March 2003

Tenth Annual Masters Series — Technigues in Arthritis Surgery
MIS/Computer — Assisted THR Live Surgery

Moderator — MIS TKR

Pasadena, California

April 2003

Current Techniques in Arthroplasty

“Prevention and Treatment of the Over-lengthened Leg"

“Management of Fractures about Total Hip Implants”

Key Largo, Florida

May 2003

The 16" Annual Symposium for the Interational Society for Technology In Arthroplasty

“A Quantitative Comparison of Two Alternative Incisions for MIS Hip Replacement”

“To What Extent Does Total Knee Replacement (TKR) Restore Normal Function of the Knee”
San Franecisco, California

September 2003

Natural-Knee MIS Instrument Evaluation
“Converge Acetabular Cup”

Park City, Utah

November 2003

North American Hip & Knee Symposium

“Dislocations — Prevention, New Options for Treatment
Beaver Creek, Colorado

January 2004

Scientific Seminar/Live Surgery

Queensland Medical Board

Queensland, Australia

February 2004

20" Annual Hip, Knee & Shoulder Symposium
“Avoiding Dislocation with Soft Tissue Repair”
Park City, Utah
February 2004

14
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American Academy of Orthopedic Surgeons, 71* Annual Meeting
San Francisco, California
March 2004

Hawaiian Qrthopedic Association

“Advances in Total Hip Arthroplasty: Minimally Invasive Approaches & Alternate Bearing
Studies”

The Queen's Medical Center

Honolulu, Hawaii

April 2004

Exhibits

Preoperative Templating in Cementless Hip Replacement: How Wrong Can You Be?
Noble, P.C.; Tulles, H.C.; Eckrich, 5.G.J.; Mathis, KB; Dooley, L.

Scientific Exhibit: 59™ Annual Meeting, American Academy of Orthopedic Surgeons
Washington, D.C., February 1992,

Migration of the Femoral Head to the Polyethylene Insert of Initial Radiographs
Sugano N, Mathis KB, Kamaric E, Inkofer H, Kadakia N, Noble PC

Paper Exhibition: 85" Annual Meeting, American Academy of Orthopedic Surgeons
New Orleans, LA, February 1998

Is an Initial Postoperative Radiograph Necessary for Radiographic Measurement of Acetabular
Wear in Total Hip Replacement?

Sugano N, Mathis KB, Kamaric E, Noble PC, Inkofer H, Kadakia N

Scientific Exhibit: 85™ Annual Meeting, American Academy of Orthopedic Surgeons

New Orleans, LA, February 1998

Institutional Analysis of Patients with Constrained Acetabular Liners

Mathis KB, Inkofer HE, Sugano N, Femeau R

Paper Exhibition: 85" Annual Meeting, American Academy of Orthopedic Surgeons
New Qrleans, LA, February 1998

Stam/Bone Contact and Rotational Stability of Cementless Prostheses in Ravision THA
Atchison SM, Noble PC, Alexander JW, Kamaric E, Mathis, KB

Poster Exhibition: Orthopedic Research Society

Anaheim, CA, February 1999

Total Hip Replacements Done with a Femoral Stem Design which has an Integral Performed
Proximal Centralizer Made of PMMA

Atchison SM, Huo MH, Davidson JP, Mathis KB

Paper Exhibition: 66" Annual Meeting, American Academy of Orthopedic Surgeons

Anaheim, CA, February 1999

Cemented Total Hip Replacements Performed Using A Femoral Stem With Proximal & Distal
Centralizers.

Huo MH, Atchison SM, Davidson JP, Mathis KB

Poster Exhibition: 66" Annual Meeting, American Academy of Orthopedic Surgeons

Anaheim, CA, February 1999

Cementless Total Hip Replacements Done With an Extensively Coated Femoral Stem Design.
A 6-8 Year Follow-up Study

Atchison SM, Huo MH, Davidson JP, Mathis KB, Tullos HS

Poster Exhibition: 66" Annual Meeting, American Academy of Orthopedic Surgeons
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Anaheim, CA, February 1999

A New Method for Tibial Cement Pressurization in Total Knee Arthroplasty
Paravic V, Conditt MA, Stampel BA, Noble PC, Mathis KB

American Association of Hip and Knee Surgeons

Anaheim, CA 1999

Physical Activity After Total Knee Replacement (TKR) What is Important to the Patient?
Weiss JM, Kohl HW, Noble PC, Mathis KB, Roberts S, Parsley BS

American Association of Hip and Knee Surgeons

Anaheim, CA 1999

Surgeon’s Recommendations Regarding Activity After Total Knee Replacement:
Is There a Consensus?

Weiss JM, Noble PC, Kohl HW, Mathis KB

American Association of Hip and Knee Surgeons

Anaheim, CA 1999

High Demand Activities After Total Knee Replacement (TKR)
Weiss JM, Noble PC, Kohl HW, Mathis KB, Robert S

American Association of Hip and Knee Surgeons

Anaheim, CA, February 1999

The Total Knee Replacement (TKR) Patient in 1999
Weiss JM, Noble PC, Kohl HW, Mathis KB, Robert S
American Association of Hip and Knee Surgeons
Anaheim, CA, February 1999

The Total Knee Replacement (TKR) Patient in 1999
Weiss JM, Noble PC, Kohl HW, Mathis KB, Robert S
International Society of Technology in Arthroplasty
Chicago 1999

Choice of Ingrowth Coating Dramatically Affects the Torsional Stability of Cementless Stems
Alexander JW, Noble PC, Atchison SM, Kamaric E, Mathis KB

Paper Exhibition: 87" Annual Meeting, American Academy of Orthopedic Surgeons

Orlando FL, February 2000

High Demand Activities After Total Knee Replacement (TKR)
Weiss JM, Noble PC, Kohl HW, Mathis KB, Roberts S
Orthopedic Research Society

Orlando, FL, February 2000

Physical Activity After Total Knee Replacement (TKR) What is Important to the Patient?
Weiss JM, Roberts S, Kohl HW, Noble PC, Mathis KB

Orthopedic Research Society

Orlando, FL 2000

Surgeons’ Recommendations Regarding Activity after Total Knee Replacement:
Is There a Consesus?

Weiss JM, Noble PC, Kohl HW, Mathis KB

Orthopedic Research Society

Orlando, FL 2000

The Reliability of Distal Fixation in Cementless Hip Replacement
Noble PC, Alexander JW, Atchison SM. Paravic VP, Kamaric E, Mathis KB
Orthopedic Research Society

16
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Orlando, FL 2000

Kinematic Benchmarking of TKA — Performance (LCS vs NKIl NexGen PS)
Neble PC, Conditt MA, Thompson MT, Mathis KB, Parsley BS

Orthopedic Research Society

Orlando, FL 2000

Functional Qutcomes of TKA: What is Important to the Patient?
Noble PC, Conditt MA, Weiss JM, Mathis KB, Conditt MA

Paper Exhibition: 87" Annual Meeting, American Academy of Orthopedic
Surgeons, Orlando, FL, February 2000

The Total Knee Replacement (TKR) Patient in 2000
Weiss JM, Noble F’Ci1 Kohl HW, Mathis KB, Robert S
Paper Exhibition: 67" Annual Meeting, American Academy of Orthopedic Surgeons

Orlando, FL, February 2000

Kinematic Benchmarking of TKA Performance (LCS vs NKIl vs NexGen PS)
Noble PC, Conditt MA, Thompson MT, Mathis KB, Parsley BS

International Society for Technology in Arthroplasty

Chicago 2000

Kenneth B. Mathis, M.D.

Date

17
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Appendix J. Dr. Phillip C. Noble Curriculum Vitae

CURRICULUM VITAE

Date of preparation: March 2, 2009

A. GENERAL INFORMATION

Office Address: 6550 Fannin, Suite # 2512

Houston, Texas 77030

Office Telephone: 713-441-3010
Office Fax: 713-790-2214
Home Address: 3620 Albans

Houston, Texas 77005

Cell Phone: 713-261-0137

E-mail: pnoble@bcm.edu
Citizenship: Australia, immigrant visa
Date of Birth: September 22, 1952
Birthplace: Australia

Spouse’s Name: Kathy



Children’s Name: David and Katherine

B. EDUCATION BACKGROUND
Degree Institution name and location

Doctor of Philosophy Strathyclyde University-

Glasgow, United Kingdom

Dissertation “The Biomechanics
of the Acetabulum and
Acetabular Replacement”

Advisor: Professor J. P. Paul

Examiners: Professor S. A. V.
Swanson, Dr. A. C. Nicol

University of Melbourne,
Melbourne, Australia

Master of Engineering
Science
Thesis title “The Development of
a Method for the Measurement of
Fracture Compression Forces in-
vivo”

Bachelor of Engineering University of Melbourne
(Metallurgical) Melbourne, Australia

C. PROFESSIONAL POSITIONS AND EMPLOYMENT

ACADEMIC APPOINTMENTS:
John S. Dunn Professor of Orthopedic Surgery (Research)

The Methodist Hospital, Houston, Texas

1994-Present
Professor (Non-Tenured)

Dates attended

1988-1995

1974-1975

1970-1973

171

Year Awarded

1995

1975

1973
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Joseph Barnhart Department of Orthopedic Surgery

Baylor College of Medicine, Houston, Texas

1999-Present

Director of Orthopedic Research

Joseph Barnhart Department of Orthopedic Surgery

Baylor College of Medicine, Houston, Texas

1984-Present

Director of Research

Institute of Orthopedic Research and Education, Houston, Texas

1994 — Present

OTHER POSITIONS:
Chair/Program Chair

Computer Modeling Special Interest Group, Society for Biomaterials, 2002

Associate Professor

Joseph Barnhart Department of Orthopedic Surgery, Baylor College of Medicine, Houston, Texas
1995- 1999

Research Associate Professor

Department of Orthopedic Surgery, Baylor College of Medicine, Houston, Texas,
1989-1995

Director, Orthopedic Research Laboratory

The Methodist Hospital, Houston, Texas, 1983-1993

Technical Director

Texas Rehabilitation Engineering Center, Texas Institute of Rehabilitation and Research
Houston, Texas, 1982-1983

Research Associate

Fondren Orthopedic Group, Houston, Texas, 1983-1989

Project Bioengineer

Department of Medical Physics, Royal Perth Hospital, Western Australia, 1976-1981
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Tutor and Examiner in Engineering Materials
University of Melbourne, Melbourne, Australia, 1975
Demonstrator in Metallurgy and Engineering
University of Melbourne, Melbourne, Australia, 1974
Research in Bioengineering

Department of Surgery

Monash University and Department of Engineering

University of Melbourne, Melbourne, Australia, 1974-1975

D. PROFESSIONAL MEMBERSHIPS

JOURNAL EDITORIAL BOARDS:
The Editorial Committee-The Journal of Arthroplasty-Present

Arthroplasty Editorial Committee- Sports Medicine News, 1991-1993

Advisory Board - Hip International

REVIEW PANELS:
Reviewer of Manuscripts:
The Journal of Arthroplasty
The Journal of Bone and Joint Surgery
Clinical Orthopedics and Related Research
Orthopedics and Related Sciences
Orthopedic Special Edition
Journal of Shoulder and Elbow Surgery
Journal of Applied Biomaterials
Journal of Orthopedic Research
Hip International

PROFESSIONAL SOCIETIES:
American Academy of Orthopedic Surgeons

The Hip Society
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The Knee Society

Texas Orthopedic Association

American Association of Hip and Knee Surgeons

International Society for Technology in Arthoplasty

Orthopedic Research Society

Chartered Engineer, Australia and United Kingdom 1976-1982

Australian Orthopedic Association, Affiliate Member 1982 - 1992

Australian Institution of Engineers, Member 1976 - 1982

10.

1.

12.

13.

HONORS:
Exhibition of Metallurgical Engineering, University of Melbourne, Melbourne, Australia, 1973

Neill G reenwood Medal - Outstanding E xhibitioners in Mining and Met allurgy, U niversity of
Melbourne, Melbourne, Australia, 1973

Sir Winston Churchill Traveling Fellowship, 1979

Frank Stinchfield Award - Outstanding Research Related to the Hip. “The Anatomic Basis of Femoral
Component Design,” The Hip Society, 1988

Visiting Professor - Department of Orthopaedic Surgery, University of Aiche, Nagoya, Japan, 1990

Guest Lecturer, Central Japan Association of Orthopaedic Surgery and Traumatology, Biwa, Japan,
1995

Houston Orthopedic Society Research Award, Houston Orthopedic Society, 1999

The Herodicus Society, Best Paper Award: “Incongruity of Osteochondral Grafts” presented during
the Annual Meeting of the American Orthopedic Society for Sports Medicine, 1999

The O tto A ufranc A ward f or O utstanding R esearch R elated tot he Clinical Treatment of Hip
Disease: “The Role of Labral Lesions in the Development of Early Degenerative Hip Disease,” The
Hip Society, 2001

The Otto AuFranc Award for Outstanding Research Related topic: “The Dysplastic Femur: 3D
Morphology and Implications for Total Hip Replacement,” The Hip Society, 2002

The John Insall Award for Outstanding Clinical Research Related to Total Knee Arthroplasty for the
study: “Patient Satisfaction After Total Knee Replacement”, The Knee Society, 2006

Frank Stinchfield Award for O utstanding research related to the hip: “The Biomechanics of the Hip
Labrum and the Stability of the Hip Joint”. The Hip Society, 2007

Elected Member of the Knee Society, 2008

INSTITUTIONAL/HOSPITAL AFFILIATION
Baylor College of Medicine

The Methodist Hospital

EMPLOYMENT STATUS
Name of Employer: John S. Dunn Foundation

Employment Status: Endowed Professor
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Name of Employer: Cognoscenti Inc

Employment Status: President

Name of Employer: Advanced Technology in Orthopedics LP

Employment Status: Managing Partner

Name of Employer: Orthopedic Discovery LLC

Employment Status: President

CURRENT AND PAST INSTITUTIONAL RESPONSIBILITIES AND PERCENT EFFORT

TEACHING DUTIES
Lectures to Residents

Subject Areas: Orthopedic Research, Biomechanics, Biomaterials, Statistics, Joint Replacement.

Barnhart Department of Orthopedic Surgery, Baylor College of Medicine

Supervision of Research Activities of Faculty, Fellows, Residents and Students

Department of Orthopedic Surgery, Methodist/Cornell College of Medicine

Barnhart Department of Orthopedic Surgery, Baylor College of Medicine

ADMINISTRATIVE DUTIES

1.
2.

Member, Institutional Review Board, The Methodist Hospital, Houston, Texas, 1991-1994

Chairman, R esidency R esearch C ommittee, J oseph B arnhart D epartment of O rthopedic S urgery,
Baylor College of Medicine, Houston, Texas

Member, Residency Review Committee, Joseph Barnhart Department of Orthopedic Surgery, Baylor
College of Medicine, Houston, Texas

Chairman, Search Committee, Alexander and Ruth Brodsky Professorship of Surgery of the Spine,
Department of Orthopedic Surgery, Baylor College of Medicine, 1990-1991

Member, G raduate M edical Education C ommittee, J oseph Barnhart Department of O rthopedic
Surgery, Baylor College of Medicine, Houston, Texas, 1999-Present

Member, Institutional Review Board for Human Subject Research for Baylor College of Medicine and
Affiliated Hospitals, Baylor College of Medicine, Houston, Texas, 1999-2003

Vice Chair, Institutional Review B oard for Human Subject Research for Baylor College of Medicine
and Affiliated Hospitals, Baylor College of Medicine, Houston, Texas, 2003-Present

CURRENT PERCENT EFFORT
Students/Researchers
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Teaching 10%
Administration 50%

Research 40%

Total 100%

1. RESEARCH SUPPORT
1998-2003: TOTAL FUNDING: $2,029,477

1. Institutional Supporting Grants for Research
Funding Source: Communities Foundation of Texas

Date: 1998 Amount: $20,000

2. Institutional Supporting Grants for Research
Funding Source: Communities Foundation of Texas/The Methodist Hospital Foundation

Date: 1999 Amount: $100,000

3. Regional Variations in the Morphology of CDH in the Japanese Population
Co-Investigator Funding Source: Howmedica- Osteonics

Date: 1999 Amount: $188,000

4. Development of a Virtual Biomechanics System for Design & Analysis of Total Knee
Replacements

Primary Investigator Source: Sulzer, Inc

Date: 1999 Amount: $375,000

5. The Scientific Validity of the Intra-operative Torques Test
Primary Investigator Source: Howmedica Inc.

Date: 1998 Amount: $12,500

6. Institutional Supporting Grants for Research
Source: Communities Foundation of Texas/ The Methodist Hospital Foundation

Date: 1997 Amount: $20,000
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7. Patello-Femoral Kinematics of the LCS Knee Prosthesis
Co-Investigator Source: Depuy, Inc.

Date: 1998 Amount: $20,886

8. Pilot Study: Automated Integration of Biomechanical and Clinical Data to Expedite
Patient Management

Co-Investigator Source: Searle Pharmaceutical Inc

Date: 1998 Amount: $9,500

9. Cement Pressures and Cancellous Penetration Achieved with the Stamper
Co-Investigator Source: Sulzer Medica

Date: 1998 Amount: $29,736

10. The Biomechanics of ACL Reconstruction with Hamstring Tendon Autografts
Co-Investigator Source: Institute of Orthopedic Research and Education Date: 1998-
1999 Amount: $27, 719

11. Cadaveric Evaluation of the Ankle Mortise with Anatomical
Primary Investigator Source: Institute of Orthopedic Research and Education Date:
1998 Amount: $15,800

12. Glenohumeral Joint Translation and Range of Motion after Selective Arthroscopic
Thermal Capsulorrhaphy with a Radiofrequency Probe

Co-Investigator Source: Institute of Orthopedic Research and Education Date: 1999
Amount: $18,649

13. Intra-operative Measures of Enhance Cement Fixation of Tibial Components in TKR
Co-Investigator Source: Sulzer Medica Inc

Date: 1998-1999 Amount: $30,000

14. Backside Polyethylene Wear in Modular Tibial Components
Co-Investigator Source: Institute of Orthopedic Research and Education

Date: 1999 Amount: $11,008
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15. Polyethylene Insert Micromotion in Modular TKR
Co-Investigator Source: Institute of Orthopedic Research and Education Date:

1999 Amount: $20,360

16. Tekscan Thin-Film K-Scan Pressure Measurement System
Co-Investigator Funding Source: Institute of Orthopedic Research and Education Date:

1999 Amount: $17,550

17. Effect of Rotational Alignment on Kinematics following TKR
Co-Investigator Source: Institute of Orthopedic Research and Education

Date: 1999 Amount: $27,017

18. Development of Mechanical Fixation Testing System
Co-Investigator Source: Institute of Orthopedic Research and Education

Date: 1999 Amount: $65,739

19. Institutional Supporting Grants for Research

Primary Investigator Funding Source: Communities Foundation of Texas/ The Methodist Hospital
Foundation
Date: 2000 Amount: $250,000

20. Grant: Stem Length and Fill Design Features for Revision TKR
Co-Investigator Funding Source: Depuy

Date: 2000 Amount: $36,418

21. Grant: Tibial Tray and Stem Design Features for Primary TKR
Co-Investigator Funding Source: Depuy

Date: 2000 Amount: $39,488

22. Grant: The Effect of Notchplasty on Contact Area and Contact Pressures in the Knee
Co-Investigator Funding Source: Institute of Orthopedic Research and Education

Date: 2000 Amount: $15,957
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23. Effect of Posterior Tibial Slope on the Kinematics Following TKR(Natural Knee II)
Co-Investigator Funding Source: Institute of Orthopedic Research and Education Date:

2000 Amount: $27,017

24. Grant: Pilot Study: Application of Visualization Technology to Quantify Bioskills in TKR
Primary Investigator Funding Source: Institute of Orthopedic Research and Education

Date: 2000 Amount: $100,000

25. Grant: Quantitative Analysis of Wear and Cold Flow of Tibial Bearing Inserts
Primary Investigator Funding Source: Institute of Orthopedic Research and Education Date:

2000 Amount: $26,133

26. Grant: Kinematics Benchmarking of TKA Performance (LCS vs. NKIl vs. NexGen PS)
Primary Investigator Funding Source: Sulzer Medica

Date: 2000 Amount: $150,000

27. Institutional Supporting Grants for Research
Primary Investigator Funding Source: Communities Foundation of Texas/ The Methodist

Hospital Foundation

Date: 2001 Amount: $75,000

28. Institutional Supporting Grants for Research
Primary Investigator Funding Source: Communities Foundation of Texas/ The Methodist
Hospital Foundation

Date: 2002 Amount: $300,000

2003-2007 ToTAL FUNDING: $2,850,662
29. Institutional Supporting Grants for Research
Primary Investigator Funding Source: Communities Foundation of Texas/ The Methodist

Hospital Foundation

Date: 2003

30. Contract: Validation of an Automated, Fluoroscopically-Based Method for Measuring
Anterior Displacement of the Tibia
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Primary Investigator Source: Medical Metrics Inc

Date: 2003 Amount: $18,000

31. Contract: The Biomechanics of Tibial Fixation of Revision Knee Prostheses
Co-Investigator Source: DePuy/ J&J

Date: 2003 Amount: $115,000

32. Grant: Experimental Biomechanics of Cemented Hip Replacement
Co-Investigator Source: Zimmer Inc

Date 2003-4 Amount: $150,000

33. Contract: Development of a New Design of Cemented Hip Replacement
Co-Investigator Source: ATO/ Zimmer Inc

Date 2003-4 Amount: $150,000

34. Grant: Institutional Supporting Grants for Research
Source: Communities Foundation of Texas/ The Methodist Hospital Foundation

Date: 2003 Amount: $100,000

35. Research Grant: The Biomechanics and Functional Performance of Total Knee
Replacements

Co-Investigator Source: Zimmer Inc

Date: 2003-7 Budget: $750,000

36. Grant: IORE Minimally Invasive Joint Replacement Course
Primary Investigator Source: The Dannemiller Foundation

Date: 2004 Amount: $45,000

37. Research Contract: Research and Development of Total Knee Prostheses
Co-Investigator Source: Zimmer Inc
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Date: 2003-7 Budget: $750,000

38. Grant: Computer Simulation of Motion of the Dysplastic Hip after Modular Joint
Replacement

Primary Investigator Source: Stryker-dapan Inc

Date: 2004 Budget: $9,350

39. Grant: Salary Support for Preparation of Manuscripts and Conference Abstracts
Co-Investigator Source: The Methodist Hospital

Date: 2004 Amount: $109,764

40. Grant: Salary Support for Resident and Fellows Research Projects
Co-Investigator Source: The Methodist Hospital

Date: 2004 Amount: $77,880

41. Grant: The Biomechanics of Minimally Invasive Total Hip Replacement
Co-Investigator Source: The Methodist Hospital

Date: 2004 Amount: $125,668

42. Grant: The Biomechanics of Cementless Fixation in Total Hip Replacement
Co-Investigator Source: Plus Orthopedics AG

Date: 2005-7 Budget: $450,000

43. Research Grant: Stability of Single vs Double Bundle BPTB Reconstructions of the ACL
Co-Investigator Source: Paulos Research Foundation

Date: 2007-2008 Amount: $25,000

44. Does Single Bundle ACL Reconstruction with an Anatomic Tibial Tunnel Recreate
Normal Knee Kinematics?

Co-Investigator Source: Baylor College of Medicine, Department of Orthopedic Surgery

Date: 2007-8 Amount:$
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2008-2009 ToTAL FUNDING: $1,286,916

45. Grant: Computer-Based Methods for Surgical Training and Skills Assessment
Co-Investigator Source: Department of Defense (USA MRMC)/ TMHRI

Date: 2008-2009 Amount: $840,0000.

46. Grant: ACL Deficiency and Repair in UKA
Co-Investigator Source: Stryker

Date: 2008-2009 Amount: $60,000

47. Research Grant: Hip Range of Motion: What is Impingement and How is it Minimized in
THR Surgery?
Co-Investigator Source: The Methodist Hospital

Date: 2008-2009 Amount: $45,600

48. Research Grant: Can the Transcondylar Femoral Axis be used for T KA Implant P ositioning
Sizing?
Co-Investigator Source: The Methodist Hospital

Date: 2008-2009 Amount: $30,000

49. Research Grant: SynFix- Micromotion Study
Co-Investigator Source: The Methodist Hospital

Date: 2008-2009 Amount: $30,000

50. BioNanoScaffolds (BNS) for Post-Traumatic Osteoregeneration
Co-Investigator Source: DARPA Fracture Putty Project (DARPA-BAA-08-50)

Date: 2008-2012 Amount: $341,316

J. EXTRAMURAL PROFESSIONAL RESPONSIBILITIES

e Co-chairman for the 1% Annual Discovery Forum, Minimally Invasive Surgery Conference held in
Houston, Texas September 2004. The conference was attended by physicians form around the
world and broadcasted live in Mexico City to a panel of distinguished orthopedic surgeons. The
event was jointly s ponsored by t he Institute of O rthopedic R esearch and Educationand T he
Methodist Hospital.
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Co-chairman for the 2™ Annual D iscovery F orum, T issue S paring T reatment of D egenerative
Joint Disease, held in October 2005. T he discovery forum included live surgeries and s urgical
bioskills dem onstrations that w ere broadcast to five i nternational s ites, Mexico, S pain, T urkey,
Chile, and Saudi Arabia.

Co-chairman (With Prof. R. Ganz) of the Scientific Symposium on Reconstruction of the Diseased
Hip, Bern, Switzerland, May 06, 2006.

Member, Outcomes Task Force developing a new Knee Society Score, The Knee Society, 2007-
8
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Metatarsophalangeal Joint. Granberry WM; Noble PC; Bishop JO; and Tullos HS. The Journal of
Bone and Joint Surgery, 73A(10): 1453-1459, December 1991.

The Effect of Femoral Component Position on the Kinematics of Total Knee Replacement.
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Barton, S, Noble PC, Kohl, H.W. 3rd, llahi OA, Arthroscopy 17(4), 378-382, 2001.
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Functional Bracing for Distal Radioulnar J oint Instability, Millard GM, Budoff JE, Paravic V,
Noble PC, J Hand Surg. 2002 Nov; 27A(6): 972-77.

What Functional Activities Are Important to Patients With Knee Replacements?, Weiss JM,
Noble PC, Conditt MA, Kohl HW, Roberts S, Cook KF, Gordon MJ, Mathis KB, Clin Orthop. 2002
Nov, (404): 172-88.

Anatomy, Pathologic Features, and Treatment of Acetabular Labral Tears, McCarthy J, Noble
PC, Alusio FV, Schuck M, Wright J, Lee JA. Clin Orthop. 2003;(406):38-47.

Multistranded Hamstring Tendon Graft Fixation with a Central Four-Quadrant or a Standard
Tibial | nterference Screw fo r Anterior C ruciate L igament R econstruction, Starch DW,
Alexander JW, Noble PC, Reddy S, Linther DM, Am J Sports Med. 2003 May-Jun; 31(3):338-44.

A M ethod for T esting C ompressive P roperties of Single P roteoglycan Aggregates, Liu X,
Noble PC, Luo ZP. Biochem Biophys Res Commun. 2003 Jul 25:307(2):338-41.

Extraarticular Abrasvie Wear in Cemented and Cementless Total Knee Arthroplasty, Noble
PC, Conditt MA, Thompson MT, Stein JA, Kreuzer S, Parsley BS, Mathis KB, Clin Orthop. 2003
Nov ;( 416):120-8.

Otto Au Franc Award: Three-dimensional Shape of the Dysplastic Femur: Implications for
THR, Noble P C, Kamaric E, Sugano N, M atsubara M, Harada Y, O hzono K, P aravic V, Clin
Orthop. 2003 Dec :( 417):27-40.

Computer Simulation: How Can it Help the Surgeon Optimize Implant Position?, Noble PC,
Sugano N, Johnston JD, Thompson MT, Conditt MA, Engh CA Sr, Mathis KB Clin Orthop. 2003
Dec ;(417):242-52.

Cyclic Testing of Arthroscopic Knot Security. llahi OA, Younas SA, Alexander J, Noble PC,
Arthoscopy. 2004 Jan;20(1):62-8.

The Optimal Strategy for Stable Fixation in Revision TKA. Conditt MA, Parsley BS, Alexander
JW, Doherty SD, Noble PC, J Arthroplasty. 2004 Feb;19(2):256.

Factors Affecting the Severity of Backside Wear of Modular Tibial Inserts, Conditt MA, Stein
JA, Noble PC, J Bone Joint Surg Am. 2004 Feb;86-A(2):305-11.

Validation of a System for Automated Measurement of Knee Laxity: Brief Report, Thompson
MT, C onditt M A, Is maily S K, A garwal A, Noble P C, C lin B iomech ( Bristol, A von). 200 4
Mar;19(3):308-12.

Direct Measurements of the Compressive Properties of Single Proteoglycan Aggregates, Liu
X, Noble PC, Luo ZP, Biochem Biophys Res Commun. 2004 Apr 2;316(2):313-6.

A Biomechanical Comparison of Repair Techniques for Type Il SLAP Lesions, DiRaimondo
CA, Alexander JW, Noble PC, Lowe WR, Lintner DM, Am J Sports Med. 2004 Apr-May;32(3):727-
33.

Backside Wear of Modular Ultra-High Molecular Weight Polyethylene Tibial Inserts, Conditt
MA, Ismaily SK, Alexander JW, Noble PC, J Bone Joint Surg Am. 2004 May;86-A(5):1031-7.

The PCL Significantly Affects the Functional Outcome of Total Knee Arthroplasty, C onditt
MA, Noble P C, B ertolusso R, Woody J, Parsley BS, J Arthroplasty. 2004 O ctober;19(7 s uppl
2):107-12.

The Optimal Strategy for Stable Tibial Fixation in Revision Total Knee Arthroplasty, Conditt
MA, Parsley BS, Alexander JW, Doherty SD, Noble PC, J Arthroplasty. 2004 October;19(7 suppl
2):113-8.

Backside Wear of Polyethylene Tibial Inserts: Mechanism and Magnitude of Material Loss,
Conditt MA, T hompson MT , U srey MM, | smaily SK, Noble P C, J Bone J oint Surg Am. 200 5
87:326-331



86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

188
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